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ABSTRACT 
This work represents a study o f the ATTTT f i n a l s t a t e o f kN 
i n t e r a c t i o n s between 0.620 and 0.870 GeV/c i n c i d e n t l a b o r a t o r y momentum. 
Data obtained from a Hydrogen Bubble Chamber exposure has been used t o 
o b t a i n channel cross-sections f o r the r e a c t i o n k p ATT+TT . Study o f 
the ATT+7T D a l i t z p l o t reveals t h a t i n a d d i t i o n t o Z +(1385) and E (1385) 
isobar p r o d u c t i o n , a f i n a l s t a t e ITTT S-wave i n t e r a c t i o n ('e') i s present. 
Assuming a model of incoherent a d d i t i o n , quasi-two body d e s c r i p t i o n s f o r 
each o f the TT + Z (1385), TT E + (1385) and 'e ' A channels are e x t r a c t e d . 
Subsequent c o n s i d e r a t i o n o f the i rE(1385) quasi two-body channels 
reveals evidence f o r s t r o n g A(1690) f o r m a t i o n . Combining t h e newly 
o b t a i n e d data w i t h t h a t p r e v i o u s l y p u b l i s h e d f o r t h e i rZ(1385) channels, 
an energy dependent p a r t i a l wave a n a l y s i s i s performed. Resonant amplitudes 
o f the SOK1670), Dl3(1678) and D03(1690) s t a t e s are determined. Considera-
t i o n o f the DD03 and DS03 p a r t i a l wave amplitudes f o r the D03(1690) s t a t e , 
4 2 
i n d i c a t e s s u b s t a n t i a l A 8^ - A 8^ mixing w i t h i n SU(6)w fi 0 ( 3 ) . I n a d d i t i o n , 
* 
a comparison i s given between the amplidues Y s t a t e s observed i n t h e p a r t i a l 
wave a n a l y s i s and those p r e d i c t e d by the I s g u r - K a r l Model. 
i i 
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CHAPTER 1 
1 - 1 INTRODUCTION 
What was l a t e r r e f e r r e d t o by de Rujula e t a l ( R e f . 1 . 1 ) as th e 
' t eaming democracy o f hadrons,lead Gell-Mann t o propose 'The E i g h t f o l d 
Way' i n the 1 9 6 1 ( R e f . 1 . 2 ) . So, w i t h the SU (3) quark model, was s t a r t e d 
the t r e n d i n p a r t i c l e physics f o r symmetry groups. Gell-Mann's r a t h e r 
ephemeral quarks have now become the partons o f Quantum Chromodynamics 
(Q.C.D) and the fundamental o b j e c t s r e q u i r e d o f SU(5) Grand U n i f i e d Theories 
outnumber the hadrons known i n 1 9 6 1 . Whatever t h e success o f asymptotically 
f r e e f i e l d t h e o r i e s , such as Q.C.D, i n d e s c r i b i n g s c a l i n g v i o l a t i o n s and j e t 
p r o d u c t i o n , the hadronic bound s t a t e problem remains. I s g u r , K a r l and 
Koniuk, i n a monumental s e r i e s o f papers (Refs. 1 . 3 t o 1 . 7 ) have determined 
the baryonic masses, wave f u n c t i o n s and branching f r a c t i o n s w i t h g r e a t economy 
of phenomenological parameters. This model embodies f e a t u r e s expected o f 
Q.C.D, i n c l u d i n g a long range quark c o n f i n i n g p o t e n t i a l and a s h o r t range 
ve c t o r p a r t i c l e exchange, which mediates quark-quark h y p e r f i n e i n t e r a c t i o n s . 
Even now, twenty years a f t e r the p r o p o s i t i o n o f t h e E i g h t f o l d Way, 
data to t e s t hadronic symmetries and quark models remains incomplete. Two-
body r e a c t i o n s such as kN —• kN, kN —* TTA and kN -*• TTE explore t h e SU (3) 
8 a 8 f i n a l s t a t e couplings o f negative strangeness baryons (Y s t a t e s ) and 
have been w e l l observed. However, d e t e r m i n a t i o n o f 8 8 1 0 couplings i s more 
d i f f i c u l t , r e q u i r i n g study o f the TTE ( 1 3 8 5 ) quasi-two-body f i n a l s t a t e . 
- 1 4 
Since the E ( 1 3 8 5 ) undergoes s t r o n g decay, w i t h l i f e t i m e ^ 1 0 s t o A IT , 
* 
Y couplings are found by e x t r a c t i n g t h e process 
, S C I E N C E '> ~> 
—• A TT 
seen i n the r e a c t i o n kN TTTTA. Although complicated, t h e r e s u l t s o f t h i s 
form o f a n a l y s i s are rewarding ; comparisons o f TTE ( 1 3 8 5 ) a n d n A ( 1 2 3 2 ) c o u p l i n g s 
2 
within the framework of SU(3)and t e s t s of the baryonic composition found 
by Isgur et a l are possible. The object of t h i s t h e s i s i s to examine the 
reaction k~p->>TT+TT~ A , seen i n experimental data /and determine the underlaying 
s-channel irE(1385) dynamics. 
1.2 S-CHANNEL PARTIAL WAVES 
± + 
To describe s-channel dynamics for the reaction k p •+ ir Z(1385) , 
p a r t i a l wave formalism w i l l be used throughout t h i s t h e s i s . Each irE(1385j 
f i n a l state i s decomposed in terms of isospin content and the allowed i n i t i a l 
and f i n a l state o r b i t a l angular momentum for given s-channel angular momentum. 
The isospin composition of the s-channel w i l l be discussed i n section 1.4 ; 
t h i s section gives the angular momentum content of the p a r t i a l waves. 
I f the i n i t i a l k p system has r e l a t i v e o r b i t a l angular momentum 
L and the f i n a l state TT 1(1385) system has r e l a t i v e o r b i t a l angular momentum 
• -> L , conservation of t o t a l angular momentum (J) gives :-
-> ->• 1 ' 3 
J = L + j = L + j (1.2) 
Par i t y conservation gives (-1) L = (-1) L and AL = | L - L | = 0,2. The 
permitted s-channel p a r t i a l waves are given i n the LL (2J) spectroscopic 
notation :-
S D l D S 3 D D 3 D D 5 D G 5 G D 7 G G 7 
with p a r i t y = -1 
P P 1 P P 3 P F 3 F P 5 F F 5 F F 7 F H 7 
with p a r i t y = + 1 
i 
Throughout the r e s t of t h i s t h e s i s the LL ( I ) ( 2 J ) notation i s used 
to include i s o s p i n . Since only i s o s c a l a r and isovector amplitudes may 
couple to the k p system, 1=0 and 1 p a r t i a l waves e x i s t for each spin 
p a r i t y sector above. 
LI 2 J 
' Mass Width 
(In MeV) E l a s t i c i t y 
Amplitude at Resonance (t) 1 
-j Status rA T<Z* 'L') k*N(L'25') 
S l l 1768 .+ 10 1925 +_ 20 
105 + 15 
200 + 20 
0.18 + .05 
0.48 +_ .03 
(+J0.08 + .03 
0.20 _+ .04 
-0.10 _+ .02 
(+J0.08 + .03 
$0.03(D) 
(0.03(D) J-0.10 +.02(S1) 
(-0.07 j+.03(03) 
*** 
** 
P l l 1673 + 10 1870 + 10 
140 +_ 20 
140 + 20 
0.10 + .03 
0.19 + .05 
-0.13 _+ ..-02 
0.30 _+ 0.10 
£0.03 
-0.24 _+ .08 ( 0.05 +.03(P1) 
( 0.11 +.03(P3) ** 
D13 1670 + 5 ] 920 jf 20 
6 0 + 5 
215 +_ 25 
0.09 + .02 
0.10 _+ .04 
0.20 + .02 
-0.13 +_ .03 
0.07 + .02 
-0.08 _+ .03 (-0.07+.03(S! 
[ $0.03(D) 
<-0.09 +.03(S3) 
j $0.03(DL+D3) 
**** 
*** 
D15 
1775 +_ 2 
2270 +_ 5 
120 +_ 5 
100 + 5 
0.38 +_ .02 
0.06 + .02 
O.lO +_ .02 
0.0% + .02 
-0.28 +_ .02 
0.12 + .02 
40.17+.03(C) 
\ ZO.03(C) -
**•*» 
* 
F15 
1930 +_ 10 
2060 _+ 15 
120 + 15 
225 +_ 25 
0.06 +_ .02 
0.08 +_ .03 
-0.18 _+ .03 
0.12 +_ .04 
-0.09 +_ .02 j £0.03(P) 
j-0.04+_.02(F) £C.03(P3,FlSF3) **** 
*w 
F17 2040 + 5 165 + lO 0.22 + .02 -0.13 _+ .02 0.19 _+ .02 j-0.15+.03(F) ( $0.03(H) 
• -0.06 j^.03(Fl> 
| 0.04 +.03(F3) 
£0,03(H3) 
**** 
G19 2210 + 10 70 _+ 10 0.22 + .01 -0.03 + .02 0.09 + .02 - - * 
SOI 1670 + 4 
1310 +25 
3 6 + 5 
215 +_ 20 
0.19 + .03 
0.33 + .05 
-0.26 + .03 
-0.08 _+ .05 - -0.06 + .03(C) (-0.17 + .03(S1) (-0.13 V .04(03) 
**** *** 
POl 1588 +_ 15 187 + 50 0.25 _+ .04 -0.25 + .07 - - | 0.14 + .03(PI) j *** 
I 0.35 + .06(P3, j 
I 
P03 1896 + lO 104 +_ 20 0.25 + .04 •_ 0.12 .03 - J £0.03(P) 12 + .04(F) | 0.07 + ,03(P1) ($0.03(P3 & F3) * 
D03 
1520 + 1 
1690 + 5 
2325 + 20 
1 6 + 1 
6 2 + 5 
170 + 30 
0.46 + .02 
0.23 +_ .02 
0.19 + .06 
0.46 +_ .02 
-0.26 _+ .02 - - -
* *** 
**** 
D05 1823 + 5 90 + 15 0.04 +_ .02 -0.17 +_ .02 - (-0.14 + .03(D) ( $0.03(G) $0.03(D1,D3&G3) 
1 
»** * 
P05 
1820 + 2 
2115 j+ 15 
80 + 5 
190 +_ 30 
0.58 _+ .02 
0.07 + .02 
-0.27 + .02 
0.15 +_ .03 -
1 0.15 + .03(P) 
(-0.05 _+ .03 (F) 
-0.06 + .03(P) 
$0.03(F) 
<0:03(P3,Fl&F3) 
£0.03(P3&F3) 
0.17 + .04(F1) 
**•*» 
*** 
G07 2110 _+ 10 190 +_ 30 0.27 + .02 0.12 +_ .03 
£0.03(D&G) 
£0.03(D&G) 
1 0.21 +_ .04(D3) 
j 0.04 + .03(Gl) 
( $0.03(G3) 
**** 
H09 2365 + 25 160 + 20 0.12 +_ .04 -O.lO _+ .02 - - -
TABLE 1.1 : Amplitudes at resonance for Y* states observed i n kN formation experiments. 
1.3 RESONANCE FORMATION 
Major contributions to the s-channel p a r t i a l waves i n kN reactions 
have been shown to come from Y resonance formation (ref 1.13) . This section w i l l 
consider the resonances known to be present i n the centre of mass energy 
range 1.640 to 2.040 GeV/c, which i s explored i n t h i s t h e s i s . The bulk of 
such knowledge comes from global, energy dependant, p a r t i a l wave analyses 
of two body f i n a l s t ates of kN interac t i o n s (Refs. 1.8 to 1.12). At the 
* 
1980 Toronto conference, the current s i t u a t i o n concerning Y st a t e s was 
reviewed by G.Gopal, (Ref. 1.18) , from which Table 1.1 i s taken. States 
receiving a (* * * *) status are considered well established and have been 
v e r i f i e d by many analyses ; 11 such s t a t e s e x i s t . Those remaining 
states are l e s s well established and are not seen with consistent parameters 
i n d i f f e r e n t analyses. Table 1.1 also l i s t s the observed couplings of the 
* • t 
Y s to two-body f i n a l s t ates of kN interac t i o n s (kN, TTA and irZ ) together 
* 
with the quasi two-body couplings (k (890)N and TTE(1385) ) . 
The o b j e c t of t h i s t h e s i s i s to extend the energy range of data 
av a i l a b l e for a p a r t i a l wave an a l y s i s of the TT£(1385) channels, which was 
performed over the 1.775 to 2.170 GeV range by the RL/IC group i n 1977 ( r e f 1.13). 
Since t h i s previous analysis was completed, new high s t a t i s t i c s data for 
* 
two-body f i n a l s t ates has c l a r i f i e d c e r t a i n features of the Y spectrum 
(references 1.15 to 1.17) . I n p a r t i c u l a r , an update of the p a r t i a l wave 
an a l y s i s of e l a s t i c s c a t t e r and charge exchange channels, 
(reference 1.18) has been undertaken and resolves many of the previously 
features found previously. Table 1.2 gives the r e s u l t s of t h i s r e a n a l y s i s 
and w i l l be used as input to a new study of the TT£(1385) f i n a l s t a t e over 
an extended energy range. 
Above a l l , new data presented i n t h i s t h e s i s for the 0.630 to 0.870 
GeV/c i n t e r v a l , w i l l permit the TTE(1385) couplings of D03(1690), D13(1670) , 
and SOI(1670) states to be determined. A sub s t a n t i a l branching f r a c t i o n for 
each resonance remains unaccounted for i n Table 1.1. I n c l u s i o n of these 
rather narrow st a t e s i n the TTE(1385) a n a l y s i s w i l l constrain greatly the 
Wave Mass (MeV) 
Width 
(MeV) E l a s t i c i t y S tatus 
SOI 1667 + 5 29 + 5 0.18 + .03 
**** 
1841 ± 1 0 228 + 20 0.36 + .04 **<*) 
S l l 1756 + 10 64 + 10 0.14 + .03 *** 
1944 ± 1 5 215 + 25 0,51 + ,.05 **<*) 
POl 1568 + 20 116 + 20 0.23 + .04 ** 
1841 ± 2 0 164 ± 2 0 0.24 + .04 ** 
P l l 1670 + 10 152 + 20 0.12 + .03 *** 
1826 ± 2 0 86 + 15 0.06 + .02 ** 
P03 1897 + 5 74 + 10 0.20 + .02 *** (*) 
DO 3 1519 + 1 16 + 1 0.47 + .02 *••* 
1690 + 5 61 + 5 0.23 + .02 **** 
1895 + 30 175 1 2 5 0.03 + .02 (*) 
D13 1682 + 5 79 ± 1 0 0.10 + .03 **** 
D05 1831 + 10 100 ± 1 0 0.08 + .03 **** 
D15 1778 + 5 137 + 10 0.40 .02 **** 
FOS 1823 + 3 77 + 5 0.58 .02 **** 
2092 + 25 245 + 25 0.07 + .03 ** (*) 
F15 ( 1 9 2 0 ) a ) (130) O.03 + .02 **** 
2051 ± 2 5 300 ± 3 0 0.08 + .03 * (*) 
F17 2036 + 5 172 + 10 0.19 + .03 **** 
G07 2104 ± 1 0 (250) 0.34 .03 **** 
G09 
! 
i 
(1808) (27) 0.03 + .03 (*) 
i 
f 
a) Masses and widths i n parenthesis were kept f i x e d . 
TABLE 1.2 : Parameters f o r Y* s t a t e s from the new kN a n a l y s i s 
4 
SD01, DS03, DS13, DD03 and DDI3 amplitudes which previously contained no 
established resonance structure. 
I n p a r t i c u l a r , the new a n a l y s i s of kN f i n a l s t a t e s has c l a r i f i e d 
P . + * 
the position concerning the poorly understood • *s Y s t a t e s . Two rather 
wide structures are observed i n both the 1 = 1 and 1 = 0 sec t o r s . Both the 
P01(185o) and P1K1870) l ay i n the energy range of the previous TrZ(1385) 
a n a l y s i s ; however, no resonant structure was included i n ei t h e r the PPOl or 
PP11 amplitudes. I n the new energy range, both the P0K1580) and P1M1673) 
may be expected to contribute. An P05(2100) s t a t e required i n the TTZ(1385) 
channels has now been confirmed by kN analyses, but the values for i t s width 
are not w e l l determined. Structure i n the SD l l amplitude due to the poorly 
established S1K1925) could previously be replaced by a non-resonant back-
ground. However, the mass and width of t h i s s t a t e are now known with greater 
ce r t a i n t y and the new values w i l l be used. 
1.4 ISOSPIN DECOMPOSITION 
Three sources of data are avail a b l e concerning the reaction 
kN ATTTT : -
k p IT+TT A 
k P"*" TT IT A 
- o . k n •> IT TT A 
(hydrogen target experiments) 
(from deuterium target experiments) 
Cross-sections for these processes may be r e l a t e d using SO*(2) invariance 
of the s-channel i s o s p i n amplitudes i n the strong i n t e r a c t i o n . This p r i n c i p l e 
has i t s o r i g i n i n the observed charge independence of the strong i n t e r a c t i o n 
from Nuclear Physics. In the i s o s p i n basis,the i n i t i a l s t a t e s are :-
1 * P > = I - I > 2 2 
1 1 — 
2 " 2 > fl I 1,0 > + |.o,o > (1.3) 
1 k n > = \-\> 1 1 2 ~ 2 > 1 - 1 > (1.4) 
5 
Complication a r i s e s f o r the kj/ induced r e a c t i o n from weak i n t e r -
a c t i o n e f f e c t s which mix k° and ic 0, l e a ding t o strangeness non-conservation 
i n t h e beam. Charge c o n j u g a t i o n - p a r i t y (CP) i s conserved i n t h e weak i n t e r -
a c t i o n and the f o l l o w i n g e i g e n s t a t e s may be c o n s t r u c t e d : -
w i t h l i f e t i m e M.0 ^ s 
and CP eigenvalue = +1 (1.5) 
£ > = k° > k°> —8 w i t h l i f e t i m e M.0 s 
and CP eigenvalue = -1 
o 
Given the gr e a t e r l i f e t i m e o f k L, i t i s t h i s which i s seen t o undergo 
s t r o n g i n t e r a c t i o n . However, o n l y t h e negative strangeness ( i . e . k°) 
component may produce A TT IT f i n a l s t a t e s :-
(1.6) 
, o k P> , L s= -1 T 1> 2 ' 2 - A 1, 1 > (1.7) 
S i m i l a r l y , the f i n a l s t a t e s produced decompose as f o l l o w s :-
TT +H A > = A !»•• > * A 1, 0 > +j\ o, o > (1.8) 
TT IT A > = A W > * A 1, 1 > (1.9) 
— o 
TT TT A > = A l». - - A 1, ~1> (1.10) 
Since no I = 2 component e x i s t s i n t h e i n i t i a l s t a t e , i s o s p i n 
c o n s e r v a t i o n f o r b i d s t r a n s i t i o n s t o the 1 = 2 component o f t h e f i n a l 
s t a t e . F u r t h e r , i f T i s the op e r a t o r d e s c r i b i n g t r a n s f o r m a t i o n s t o t h e 
f i n a l s t a t e , the cross-section for the reaction kN — • TTTT A may be written 
a s 
a (kN ->inTA ) ^  <kN T irnA > (1.11) 
Invariance of the isospin amplitudes, isospin conservation and charge 
conservation allow the cross-sections to be written :-
o(k p TT+1T A ) 1) + - 0(1 = 0) (1.12) 
o(k n o -
TT IT A ) = 1) (1.13) 
o + O . . a(k p +TT 7T A ) 
L 
X o ( I = 1) 4 (1.14) 
where 
o ( I = O)^ <OfO T 0,0 > (1.15) 
o ( l = 1 ) ^ <1,-1 T 1,-1> < I + I | T | I + I > (1.16) 
are the pure 1 = 0 and 1 = 1 cross-sections. 
I t i s now possible to make some conclusions concerning the s-channel 
isospin composition from published cross-sections for TTTTA f i n a l s t a t e s . 
Figure 1.1 shows a compilation of cross-sections for the reaction k p •* ir +ir ~ A 
i n the incident momentum range 0.280 to 1.450 GeV/c. This data shows the 
following features :-
1. A strong resonant feature i n the 003(1520) region a t 0 . 3 9 5 GeV/c 
in the data of Mast e t a l (Ref. 1.21). 
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2. A broad shoulder between 0.650 and 0.800 GeV/c i n both the data 
of CERN-Heidelberg-Saclay (Ref. 1.22) and Evans e t . a l . (Ref. 1.23). This 
corresponds to the rather complex region of resonance formation dominated 
by the D03(1690),D13(1670) and S01(1670). 
3. A broad enhancement i n the cross-section between 0.800 and 
1,200 GeV/c. This st r u c t u r e i s seen i n the data o f RL/IC (Ref. 1.13) and 
C.H.S, but with d i f f e r e n t normalization. Four spin 5/2 resonances e x i s t 
i n the region, these are D05(1830), 015(1775) , F05(1815) and F15U915) . 
Pure 1 = 1 data comes from two sources. Cameron e t a l (BEGPR, 
Ref. 1.24) have published data i n the 0.480 to 0.780 GeV/c range from a 
k° bubble chamber exposure ; Prevost e t a l (Ref. 1.25) report data obtained L 
— o — 
by the CERN-Munich-Saclay group f o r k n-** ir IT A using a deuterium f i l l e d 
bubble chamber i n the 0.720 to 1.200 GeV/c i n t e r v a l . Figure 1.2 shows a 
p l o t of a(k n -HT TT° A) and 2a(k°L p *> T T + T T 0 A) f o r comparison. Reasonable 
agreement exists between the two sets of data ; however, some divergence i s 
evident at the highest energy of Cameron. A rapid r i s e i n cross-section i s 
seen up to 0.800 GeV/c, covering the D13(1670) region. A broad enhancement, 
which may be i n d i c a t i v e of Dl5(1775) and Fl5(1915) formation, i s seen 
between 0.950 and 1.200 GeV/c. 
I n addition, Prevost i n reference 1.25 has separated pure I = O 
cross-sections from the reaction k p -M T + I T A , represented by the data o f 
C.H.S., using equation 1.12 and e x t r a p o l a t i n g the C.M.S. pure 1 = 1 data. 
This analysis indicates t h a t pure i s o s i n g l e t dynamics dominates the i n t e r v a l 
devoid of resonances between 0.450 and 0.650 GeV/c. Above 1.2 GeV/c, the 
pure 1 = 1 cross-section i s dominant which i s suspected of being due to 
pA formation. 
1.5 PREVIOUS STUDIES 
Previous studies of the ir£(1385) channel use two rather d i f f e r e n t 
methods o f analysis. Deller and Valladas (Ref. 1.26) have proposed a set 
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of paramatrizations which allow isobar model analysis of the data f o r three 
body f i n a l states to be performed. The isobar model permits possible i n t e r -
ference between I +(1385) and E~(1385) bands i n the D a l i t z p l o t . Quasi 
two-body methods, which are used i n t h i s thesis and Ref. 1 . 1 3 , are somewhat 
d i f f e r e n t i n nature. No interference i s permitted i n the D a l i t z p l o t and 
each TT£(1385) channel contributes incoherently to the A TT +TT f i n a l s t a t e . 
Prevost (Ref. 1.25) uses Deller and Valladas formalism, wi t h about 
300 corrected events per 0.020 GeV/c incident momentum interval,over the 0.600 t o 
1.200 GeV/c range. Both k p+ TT +TT A and k n ir°Tr A channels are analysed. 
Couplings of SOK1670), Sll(1750), D03(1690), D13(1660), D05(1830), Dl5(1765) 
and P05(1815) states to the lower accessible f i n a l state angular momentum 
are observed. Non-resonant PP01, PP11, PP03, PP13 and FP15 amplitudes are 
also included. The P03(1900) and F15 (1915) states lay j u s t outside the 
energy range of the analysis, but are not included as resonant amplitude 
contributions. As a f i n a l check on the model used, the p a r t i a l wave 
amplitudes obtained are used to calculate the forms expected of Air +, ATT 
and TT +TT e f f e c t i v e mass d i s t r i b u t i o n s . Although good account i s given o f 
the A T T + and ATT d i s t r i b u t i o n s , the TT +TT spectrum i s poorly described. 
The RL/IC (Ref.1.13) analysis i s based on the quasi two-body model. 
Contributions from T T + E (1385) , TT £+(1385) , pA and Lorentz Invariant Phase 
Space (LIPS) are included t o account f o r the D a l i t z p l o t density i n the 
1.775 to 2.170 GeV centre of mass energy range. An energy dependant p a r t i a l 
wave analysis of the ir+Z (1385) and TT Z + (1385) channels i s performed and 
resonance couplings observed f o r SOK1825), P03(1900), D13(1920), D05(1830), 
D15U775), F05U820), F05(2lOO) and Fl7(2o40) to a l l permitted f i n a l state 
angular momenta. The r e s u l t s o f t h i s analysis are summarized i n Table 1.1. 
Non-nZ (1385) processes are found t o become increasingly important a t higher 
energies. At the lowest momentum analysed, pA (pure 1 = 1 ) and LIPS account 
f o r less than 20% of the D a l i t z p l o t density, while at the highest momentum 
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the f r a c t i o n i s 35%. This supports the assertion of Prevost (Ref.1,25) 
concerning the large isovector component of the ATTTT cross-section above 1 
1.2 GeV/c. S t a t i s t i c s o f the RL/IC analysis at each energy analysed number about 
1500 corrected events. 
Mast et a l (Ref. 1.21) present very high s t a t i s t i c s data i n the 
region of the D03(1520). An energy independant analysis, based on Deller 
and Valladas formalism, i s performed i n which £(1385),ITIT S-wave (e) and 
7TIT P-wave (p) isobars are included. The important s-channel p a r t i a l wave 
amplitudes are found t o be a resonant ir£ (1385) DS03 and a non-resonant 
eADP03, but the TT £(1385) DD03 amplitude which i s expected t o couple t o 
the D03(1520) i s not included. The presence of the strong non-resonant 
eA DP03 amplitude may give credence to the large 1 * 0 cross-section i n the 
0.450 to 0.650 GeV/c i n t e r v a l observed by Prevost. That S-wave ffir isobars 
become important i n the ATTIT f i n a l state a t low energy w i l l be discussed 
f u r t h e r i n Chapter 5 of t h i s t h esis. 
I n conclusion, the reaction k p ATT + TT has been found t o be dominated 
by £(1385) isobar formation and evidence i s seen f o r Y states coupling t o 
IT £(1385). However, TTTT isobar formation may also be important, the 
production of TTTT a s-wave r e s u l t i n g i n the dominance o f the 1 = 0 cross-
section at low energies and the P-wave p(770) being observed above 1.2 GeV/c 
incident momentum. 
1.6 THESIS OUTLINE 
The objective of t h i s thesis i s t o determine the couplings o f 
S0K167O), D03(1690) and Dl3(1670) resonances t o the ir£ (1385) quasi two-
body-final s t a t e , f o r which predictions e x i s t from models o f the baryon 
spectrum. To t h i s end,the o u t l i n e the re s t of t h i s thesis w i l l be 
Chapter 2 : Processing and cleaning of the data sample used i n the 
analysis. 
Chapter 3 : Formalism required i n the analysis. 
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Chapter 4 : Qu a l i t a t i v e description of the D a l i t z p l o t and a 
discussion of the features seen. 
Chapter 5 : The ro l e of TTTT S-wave isobars i n the D a l i t z p l o t . 
Extraction of parameters of the TT£(1385) quasi two-body f i n a l states. 
Chapter 6 : P a r t i a l Wave Analysis o f trE(1385) f i n a l states. 
* 
Chapter 7 : Comparison of the coupling found f o r Y states w i t h 
theory. 
Chapter 8 : Conclusions and outlook f o r future work. 
11 
CHAPTER 1 
REFERENCES 
1.1 A. De Rujala et a l , Phys. Rev. D12 (1975) 147. 
1.2 M. Gell-Mann, Phys. Rev, 125 (1962) 1067. 
1.3 N.lsgur and G. K a r l , Phys. Rev. D18 (1978) 4187. 
1.4 N.lsgur and G.Karl, Phys. Rev. D19 (1979) 2653. 
1.5 N.lsgur and G.Karl, Phys. Rev. D20 (1979) 1191. 
1.6 R. Koniuk and N.lsgur, Phys. Rev. D21 (1980), 1868. 
1.7 R.Koniuk and N.lsgur, Phys. Rev. Let t 44 (1980) 845. 
1.8 B.R.Martin et a l , Nucl.Phys. B127 (1977) 349. 
1.9 M.Alston-Garnjost et a l , Phys.Rev. D18 (1978) 182. 
1.10 A de Be l l e f o r et a l , Nuovo Cimento 42A (1977) 403. 
1.11 A.J. Van Horn, Nucl.Phys. B87 (1975) 145. 
1.12 G.Gopal et a l , Nucl.Phys. B119(1977) 362. 
1.13 W.Cameron et a l , Nucl.Phys. B143 (1978) 189. 
1.14 M.Alston-Garnjost e t a l , Phys.Rev.D17 (1978) 2226. 
1.15 W.Cameron et a l , Rutherford Laboratory Report, RL-80-73. 
1.16 R.D.Ehrlich et a l , Phys.Lett 71B (1977) 455. 
1.17 C.J.S.Damerell et a l , Nucl.Phys. B155 (1979) 13. 
1.18 G.Gopal, Proceedings, 1980 Toronto Baryon Conference 
(N.lsgur, Editor) page 159. 
1.19 R.A.Stern, Ph.D.Thesis, University of London, (unpublished). 
1.21 T.S.Mast et a l , Phys.Rev D7 (1973) 5. 
1.22 R.Armenteros et a l , Nucl.Phys. B21 (1970) 15. 
1.23 D.A.Evans et a l , Nucl.Phys. B119 (1977) 315. 
1.24 L. Berlanza et a l , Nucl.Phys. B110(1976) 1 
1 025 J. Prevost et a l , Nucl.Phys. B69 (1974) 246. 
1„26 B„Deller and G.Valladas, Nuovo Cimento 45A (1966) 559. 
12 
CHAPTER 2 
2.1 INTRODUCTION 
The data analysed i n t h i s thesis comes from a k beam exposure i n 
the Saclay 81 cm Hydrogen Bubble Chamber at CERN, performed by the CERN-
Heidelberg-Munich c o l l a b o r a t i o n . A quantity o f the f i l m obtained was made 
available to the Rutherford Laboratory as p a r t o f a program to study k p 
in t e r a c t i o n s , w i t h high s t a t i s t i c s , i n the resonance region. This work 
has been conducted i n collaboration w i t h Imperial College, London, and 
l a t e l y w i t h Durham University. The author of t h i s thesis has undertaken 
a study of the reaction k p •+ A I T + I T observed i n t h i s data as part o f the 
work f o r the degree of Ph.D. at Durham University. As such, the author's 
c o n t r i b u t i o n t o t h i s e f f o r t began wit h the problems associated w i t h track 
reconstruction and data assessment f o r f i l m obtained using a Track s e n s i t i v e 
Target (T.S.T) i n the 0.480 to 0.600 GeV/c incident momentum range. The 
res t o f t h i s chapter w i l l be devoted t o a description o f the methods used 
to process events measured i n the 0.620 to 0.870 GeV/c i n t e r v a l from the 
so c a l l e d SURVEY-81 experiment and the q u a l i t y of such data. 
2.2 DATA PROCESSING 
Figure 2.1 shows the data processing chain used i n the SURVEY-81 
experiment. This i s given since i t c l a r i f i e s some of the corrections, 
which w i l l be employed i n Section 2.10,concerning the scanning and throughput 
ef f i c i e n c e s f o r events. 
The e n t i r e f i l m available (some r o l l s were l o s t because of poor 
q u a l i t y ) was scanned f o r strong i n t e r a c t i o n s of a l l topologies and the weak 
decay k -> TT + TT TT , which i s the normalizing process. Each event was then 
coded according to i t s measurability. Events which were outside the agreed 
scanning area or considered too obscured by overlapping tracks f o r 
measurement, were coded as not-measurable. Measurable events, f o l l o w i n g 
Figure 2.1 : Flow diagram f o r the Data Processing Chain 
Circu l a r elements ind i c a t e scan-time decision 
recorded on MASTERLIST, rectangular elements r e f e r 
to analysis programs and t r i a n g u l a r blocks t o operations 
performed. 
EVENT 
SCAN 2 SCAN 1 
I 
EVENT SEEN NEWLY FOUND 
SCAN COOE 
OR NOT SEEN EVENT 
PREOIGITI REOIGITISt 
r I 
NOT NOT 
MEASURABLE MEASURABLE 
FAILED EVENT FA1LE0 EVENT H.PD. 
GEOMETRY 
KINEMATICS 
I 
REMEASURE ORACLE 
ORACLE PASS 1 i I 
SUCCESSFUL FAILED EVENT REMEASURE 
EVENT 
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a p r e d i g i t i s a t i o n procedure, were sent f o r automatic measurements on the 
Rutherford Laboratory H.P.D. system. About 25% of the f i l m was scanned 
a second time i n order t o determine scanning e f f i c i e n c y . Again, a l l events 
seen were recorded. Those seen f o r the f i r s t time on t h i s second scan 
were subsequently p r e d i g i t i z e d f o r measurement on the H.P.D.(Hough-Powell Device). 
Post H.P.D processing f o r events i s performed sequentially by the 
programs GEOMETRY, KINEMATICS and ORACLE, the functions of which are described 
below :-
GEOMETRY j I h i s program reconstructs the d i g i t a l information from 
each of the three f i l m images of an event, obtained by the H.P.D., 
i n t o p a r t i c l e track paths i n the bubble chamber. As such , i t contains 
de t a i l e d information concerning the optics of the bubble chamber camera 
system and other r e f r a c t i n g surfaces through which events are seen. 
Output from t h i s program consists o f the directionsand curvatures of charged 
p a r t i c l e tracks. 
KINEMATICS : This i n t e r p r e t s track data from GEOMETRY i n terms o f 
kinematic hypotheses concerning the observed reactions. A set o f f i t t e d 
2 
momenta f o r each event are returned together with a x p r o b a b i l i t y f o r each 
successful hypothesis t r i e d . 
ORACLE : Several kinematic hypotheses may be simultaneously s a t i s f i e d 
by each event. C r i t e r i a f o r the resolu t i o n of such ambiguity are contained 
w i t h i n ORACLE. These include • -
( i ) The use o f bubble density information from the H.P.D to resolve, 
on the basis of i o n i z a t i o n , d i f f e r e n t p a r t i c l e assignments t o a given t r a c k . 
2 
( i i ) The r e l a t i v e r a r i t y of channels and the r e l a t i v e x p r o b a b i l i t i e s . 
Two versions of ORACLE are used. A f i r s t - p a s s version returns events 
2 
for remeasurement which are ambiguous, have poor KINEMATICS x p r o b a b i l i t y , or 
which have f a i l e d track reconstruction i n GEOMETRY. 
The second-pass version, f o r remeasured events, accepts events which 
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2 have ambiguous kinematic f i t s or poor x • Successful events are w r i t t e n 
to f i n a l oata Summary Tape (D.S.T). 
At a l l times during t h i s process, the status of events seen at scan 
time has been monitored by a book-keeping system c a l l e d MASTERLIST. This 
keeps records o f scantime coding of events and the outcome of GEOMETRY, 
KINEMATICS and ORACLE. Hence, throughput of the measurement system, accord-
ing to event topology,may be determined and correction f o r f a i l u r e o f events 
to appear on f i n a l D#S#T. found. 
* Throughout t h i s thesis the notation I J K w i l l be used f o r topology, where 
I i s the number of charged tracks leaving the production vertex, J i s the 
number of charged p a r t i c l e decays seen, and K i s the number of neutral 
p a r t i c l e decays seen. 
2.3 BEAM DEFINITION 
In t h i s experiment the beam l i n e optics has been set to select a 
series of narrowly defined momenta at entrance to the bubble chamber. 
Defocussing e f f e c t s caused by the beam optics r e s u l t i n the envelope o f the 
beam tracks being conical i n shape ( r e f . 2.1). At incident k~ momenta i n 
excess of 1 GeV/c (e.g. r e f . 2.2), the curvature of the beam i n the 
chamber magnetic f i e l d i s small and beam momenta are known more r e l i a b l y from 
beam optics than from geometrical reconstruction of tracks. Contamination 
of the otherwise monoenergetic beam i s a r e s u l t o f sc a t t e r i n g o f k~ mesons 
from the beam pipes. E l a s t i c s c a t t e r i n g r e s u l t s i n degradation o f the 
momentum spectrum, w h i l s t i n e l a s t i c reactions produce other hadrons, mainly IT" 
Leptonic beam components, which w i l l not undergo strong i n t e r a c t i o n i n the 
chamber, r e s u l t from weak decays of k mesons. Whatever the mechanism 
involved, these beam im p u r i t i e s are expected t o be scattered outside the 
beam envelope. This property may be exploited t o define a pure beam. At 
each beam optics s e t t i n g , a set of angles were used to paramatrize the 
envelope o f the beam at the entrance t o the chamber f i e l d . Here, the 
Accepted conical envelope 
of beam 
Acceptable beam 
track 
f 
' focus 
of beam tracks 
Unacceptable beam 
track 
Chamber entry plane 
Imposition of Beam Cuts 
Figure 2.2 Schematic diagram showing how beam cuts are imposed 
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cross-section of the beam i s e l l i p t i c a l * A l l beam tracks which i n t e r c e p t 
the chamber entry plane outside t h i s e l l i p s e are rejec t e d (Figure. 2.2). 
The a p p l i c a t i o n o f such beam cuts has been c a r r i e d over from other 
experiments,although they are not s i g n i f i c a n t i n the 0.650 to 0.850 GeV/c 
momentum range, where beam tracks have measurable curvature. Furthermore, 
backgrounds from non-k meson inter a c t i o n s , which are t o p o l o g i c a l l y 
equivalent t o the reaction k p A I T + T T , are not expected since the highest 
energy of t h i s experiment i s below threshold f o r strange p a r t i c l e production 
i n pion induced reactions. 
Figure 2.3 shows the d i s t r i b u t i o n o f entrance beam momentum f o r 
events f i t t i n g the reaction k p •+ Air+ir . The dip i n s t a t i s t i c s between 
0.680 and 0.720 GeV/c i s due to poor p i c t u r e q u a l i t y , which prevented the 
measurement of several r o l l s o f f i l m exposed i n t h i s energy range. A 
t y p i c a l entrance momentum d i s t r i b u t i o n f o r one of the beam optics s e t t i n g s 
i s shown i n Figure 2.4. 
A f i d u c i a l volume cut has also been imposed on events of a l l 
topologies. This was chosen to give reasonable scanning e f f i c i e n c y and 
measurability o f events. The cuts on i n t e r a c t i o n vertex co-ordinates are 
- 6.0 < x < 28.0 cm. 
- 7.0 < y < 7.0 cm. 
-28.0 < z < -8.0 cm. 
The choice o f beam cuts and f i d u c i a l volume are discussed i n 
Ref. 2.1. 
2.4 RESOLUTION OF AMBIGUITIES 
Reliance i s placed i n bubble chamber technique on the determination 
of curvature and d i r e c t i o n i n space, f o r charged p a r t i c l e tracks, by 
geometrical reconstruction of points measured along t h e i r length. Sub-
sequently, these q u a n t i t i e s are in t e r p r e t e d as 3-vector momenta and are 
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f i t t e d to kinematical hypotheses concerning the o r i g i n of the charged 
tracks. As such, reactions which r e s u l t i n t o p o l o g i c a l l y equivalent 
configurations of tracks may s a t i s f y several kinematic hypotheses ambiguously. 
Hie reaction studied i n t h i s thesis i s 
k" p -> A T T \ (2.1) 
A p TT~ 
which i s characterized, i n the f i n a l s t a t e , by two charged tracks leaving 
the i n t e r a c t i o n vertex, together w i t h ir and p tracks leaving the vertex 
associated w i t h the A° decay. Topologically equivalent w i t h t h i s reaction 
are the reactions, 
° + k p + £ TT IT 
A y (2.2) 
A ->" 7T p 
— _ 0 — k p -** k p TT 
-o + - (2.3) 
+ - o 
k p **" Alt TT IT 
(2 . 4 ) 
A TT p 
Events i n which the decay A°-* p TT i s not observed, were also 
measured. These events are seen as two oppositely charged pion tracks emerging 
from a production vertex and are found to be highly kinematically ambiguous 
with other reactions of the same topology. For t h i s reason /only events w i t h a 
f i t t e d A° -> PTT decay are used i n t h i s work. Later i n t h i s chapter, the 
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o 
corrections f o r losses of events w i t h unseen A decay, i . e . those o f 200 
topology, w i l l be discussed. 
No events represented by reaction 2.3 are found t o f i t ambiguously 
wit h reaction 2.1. This i s due to the a v a i l a b i l i t y o f i o n i z a t i o n information 
from the H.P.D. Reaction 2.4 i s expected t o contain a s i g n i f i c a n t c o n t r i -
bution, above threshold (0.720 GeV/c), from the reaction 
k p -» A n 
+ - o 
n •* IT TT TT 
A •> TT p (2.5) 
Previous studies o f reaction (2.5) (Ref. 2.3) show a large cross-section a t 
threshold which f a l l s r a p i d l y w i t h increasing energy. As such, t h i s f a c t 
underlies the importance o f correct assignment o f ambiguities. Mis-assignment 
o f events f i t t i n g reaction 2.5 would r e s u l t i n large, momentum dependant, 
errors i n the determination o f the cross-section f o r reaction 2.1. 
Both reactions2.2 and 2.4 give r i s e to the same f i n a l state 
p a r t i c l e s as reaction 2.1. The only basis f o r discrimination comes from 
the missing-mass r e c o i l i n g against the TT +TT system i n the f i n a l s t a t e . I n 
the case o f reaction 2.1 t h i s i s expected t o correspond to a A ° (1.115 GeV/c^, 
i n the case of reaction 2.2 a Z (1.192 GeV/c )^whilst f o r reaction 2 . 4 , i t 
i s a ATT° system o f minimum effective-mass 1.254 GeV/c^. I f the r e c o i l i n g 
missing-mass i s calculated from the measured momenta of charged tracks 
entering and leaving the production vertex, which are reconstructed by the 
program GEOMETRY/ res o l u t i o n o f ambiguities may be attempted on the basis 
of missing-mass cuts* I n r e a l i t y , the determination o f r e c o i l i n g missing-
mass i s subject t o error due to measurement errors i n track t r a j e c t o r i e s 
by the HeP.D. Assuming a simple propagation o f e r r o r s , one expects the 
missing-mass squared d i s t r i b u t i o n s f o r reactions(2.l),( 2.2 )and(2.4.) t o be 
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convolved w i t h Gaussian re s o l u t i o n functions. 
The mis sing-mass to the i r \ system i s shown i n Figure 2.5 f o r 
unique f i t s t o reactions(2.l)and(2.2) together w i t h those events f i t t i n g both 
reactions ambiguously. A t o t a l o f S397 unique f i t s e x i s t to reaction 
2.1 and 959 events f i t ambiguously wi t h reaction 2.2. Ambiguities 
o 
with reaction 2.4 have been ignored since the Gaussian width of the A 
2 2 
c o n t r i b u t i o n i s 0.Q5(GeV/c ) , w h i l s t the minimum difference i n missing mass 
squared f o r reactions ( 2 .l)and ( 2 . 4 )is expected t o be 0.177 (GeV/c 2) 2. On the 
basis o f Figure 2.5, a l l ambiguous events have been assigned t o reaction 2.1. 
2.5 INVESTIGATION OF BIASSES 
Events selected a f t e r f i d u c i a l volume and beam cuts, which s a t i s f y 
the missing-mass c r i t e r i a described i n the previous section, may be subject 
to losses r e s u l t i n g from poor v i s i b i l i t y f o r c e r t a i n geometries i n the 
bubble chamber, which i n turn are correlated t o the underlaying kinematics. 
Hence, the experimental i n a c c e s s i b i l i t y o f c e r t a i n event geometries may bias 
conclusions concerning the dynamics of the reaction k p-*Aw% • 
Steep tracks are both d i f f i c u l t to see and measure i n the bubble 
chamber. To i d e n t i f y any such loss f o r the reaction k p-*-Air% , 
A-> ir p two angles were u t i l i z e d 
(a) Hie r o t a t i o n of the A about the beam d i r e c t i o n , $ . 
P 
A 
I f 3 i s a u n i t vector along the chamber z axis ( i . e . i n the d i r e c t i o n from 
which the chamber i s viewed by the camera optics ) , k i s the vector d e f i n i n g 
the incident k~ d i r e c t i o n and A i s the vector d e f i n i n g the A° motion i n the 
laboratory, then :-
(k*3) Mk A A ) 
<f> = cos 1 - 3 — 7 ! — ( 2 . 6 ) 
P |k*3| |k A A I 
When the (k * A) plane i s normal t o the chamber X-Y plane, <l> ^  = O or TI 
radians• 
I 
CP Q4 I CP 
9 
CP 
UJ 
cn I I 
CL ID CM 
W I 
I .2> 1 1 
0) 
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Li 
in t I t £ t 
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in V 0) 
CP u CP 
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(b) The angle g i v i n g t h e r o t a t i o n o f the decay p l a n e , d e f i n e d by t h e 
normal t o the *~ and p t r a c k s , about t h e A° d i r e c t i o n i n t h e l a b o r a t o r y . 
I f A i s t h e A° d i r e c t i o n and and are t h e ir and p d i r e c t i o n s , t h i s 
angle i s d e f i n e d as 
_ x (A*3) • ( D 1 A D 2 ) 
<J>, = cos — (2.7) 
a * 
A *3| |D X A D 2 
I f steep t r a c k losses are absent from the data, b o t h o f these 
angles should be u n i f o r m l y d i s t r i b u t e d . Steep t r a c k losses w i l l be 
s i g n i f i e d by absence o f events when <f> , o r Q and ir. F i g u r e 2.6 
P d 
shows the d i s t r i b u t i o n o f these q u a n t i t i e s f o r the data and no such losses 
are apparent• 
Events w i t h s h o r t p i o n t r a c k s or A° decays w i t h o u t v i s i b l e gaps t o 
the p r o d u c t i o n v e r t e x , are s u b j e c t t o losses which are d i r e c t l y r e l a t e d t o 
the c e n t r e o f mass p r o d u c t i o n k i n e m a t i c s . Since i n Chapter 5 a dynamic 
i n t e r p r e t a t i o n o f these p r o p e r t i e s w i l l be g i v e n , i t i s e s s e n t i a l t o show 
t h a t such losses do n o t remove s p e c i f i c p r o d u c t i o n k i n e m a t i c a l regions from 
experimental i n v e s t i g a t i o n . 
I f t h e t o t a l c e n t r e o f mass energy o f the i n i t i a l k~p system i s 
v^ s~~ and a two-body system o f effective-mass m r e c o i l s a g a i n s t a t h i r d p a r t i c l e 
p a r t i c l e o f mass m , then t h e c e n t r e o f mass momentum . i ; o f p a r t i c l e m^ i s 
g i v e n by, 
2 2 
0 (s-(m + m) )(s-(m -m) ) 
qZ - (2.8) 
4s 
2 
Hence, f o r g i v e n Js~ , q takes on i t s maximum value when m takes on i t s 
minimum v a l u e , m = m^  + where m^ and m^  are t h e masses o f t h e p a r t i c l e s 
f orming the two p a r t i c l e subsystem. The minimum value o f t h e l a b o r a t o r y 
momentum f o r t h e t h i r d p a r t i c l e occurs when i t i s produced backwards i n t h e 
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c e n t r e o f mass and i f C0 i s the boost v e l o c i t y from t h e l a b o r a t o r y system 
t o t h e c e n t r e o f mass system, t h i s i s g i v e n by 
PLAB = yq - Y 3 E r y = (1-B 2) 
2 2 where E = / q + m 
o 
Minimum momenta o f the p r o d u c t i o n v e r t e x pions and A c a l c u l a t e d i n t h i s 
way are given i n Table 2.1. 
Slow pions become d i f f i c u l t t o d e t e c t when t h e i r range f a l l s below 
1 cm. i n the l i q u i d hydrogen o f the bubble chamber. The minimum p i o n 
momentum from Table 2.1 i s found t o be 56 MeV/c which corresponds t o a range 
o f 5 cm. No slow p i o n l o s s a t the p r o d u c t i o n v e r t e x i s t h e r e f o r e 
a n t i c i p a t e d o 
The proper A ° time o f f l i g h t , T , i s given i n terms o f i t s measured 
decay l e n g t h i n the l a b o r a t o r y i , i t s l a b o r a t o r y momentum p^ and i t s mass 
mA by :-
nu 
C T = — • I (2.9) 
The d i s t r i b u t i o n o f A° l i f e t i m e f o l l o w s t h e ex p o n e n t i a l decay 
law :-
dN ( T ) " T/V ^ — i N e (2.lO) a t o 
o 
where N ( T ) i s the number o f A s u r v i v i n g a f t e r time T . 
and \ a i s t h e mean A ° l i f e t i m e ( C T ^ = 7.89 cm). I f events w i t h decay 
lengths l e s s than 0.5 cm are l o s t , then a t the lowest A ° momenta, t h e minimum 
acc e s s i b l e value o f C T i s 7.0 cm. The slowest A ° w i l l have the lowest 
d e t e c t i o n e f f i c i e n c y due t o s h o r t gap losses 
- I 1 - 40% 
I n c i d e n t k Minimum p i o n Minimum A° 
momentum momentum momentum 
P k/(GeV/c) p /(GeV/c) 
IT 
P A/(GeV/c) 
.65 .056 .079 
.70 .059 .083 
.75 .062 .089 | 
.80 . 0 6 6 .094 
.85 .069 .098 
TABLE 2.1 : Minimum Momenta o f t h e Production Vertex Pions 
and A° 
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One t h e r e f o r e f e e l s c o n f i d e n t t o proceed and c o r r e c t f o r losses which 
r e s u l t from v i s i b i l i t y r e s o l u t i o n f o r the observed A ° decay gap, s i n c e no 
p r o d u c t i o n kinematics w i l l be completely absent from t he data. 
The d e t e c t i o n p r o b a b i l i t y f o r a A° t o be seen t o decay between 
distances and % from i t s p o i n t o f p r o d u c t i o n i s 
m JL m JL 1 _ 2 
pACT PACT 
o A o 
= e e (2,11) 
D 
I f t h e A ° subtends an angle <S t o the chamber X-Y plane, i t w i l l be seen 
t o have a p r o j e c t e d decay l e n g t h = % cos 6 . I n order t o c o r r e c t f o r t h e 
unseen decays o f A ° below a minimum p r o j e c t e d decay l e n g t h Jlmin - I cos 6 
o r o u t s i d e t he i n t e r a c t i o n f i d u c i a l volume, w i t h i n which t h e A ° has p o t e n t i a l 
l e n g t h f o r decay I , each event i s weighted by t h e in v e r s e o f i t s 
(pot) 
d e t e c t i o n p r o b a b i l i t y 
wt 
exp 
r-mfc . I r -mJl . 1 
m n J - exp — J E * 
[ P C T o C O s 6 J [ p c T o J 
(2.12) 
To decide the most economical p r o j e c t e d l e n g t h c u t (Jl min) , a l l 
events w i t h p r o j e c t e d l e n g t h g r e a t e r than Jlmin and decaying w i t h i n t h e 
f i d u c i a l volume are weighted according t o v a r i o u s . values o f Jlrain. The 
t o t a l weight o f the event sample i s p l o t t e d as a f u n c t i o n o f jlmin. 
S t a b i l i t y o f the t o t a l weight i n d i c a t e s t h a t f u r t h e r increase o f Jlmin, 
beyond the most economical v a l u e , reweights f o r removed events. On 
t h i s b a s i s a value Jlmin = 0.15 cm has been chosen (Figure 2.7) . For 
events o f the lowest A momenta t h i s gives a d e t e c t i o n e f f i c i e n c y o f 78%, 
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2.6 A ° DECAY LOSSES 
Having observed t h a t r e s t r i c t i o n s on v i s i b i l i t y o f T\\ and A ° 
f i n a l s t a t e p a r t i c l e s due t o steepness o r shortness o f t r a c k s , do not 
completely remove any p o r t i o n o f the p r o d u c t i o n v e r t e x k i n e m a t i c s , t h e 
o 
A decay v e r t e x kinematics w i l l be considered. 
Consider the decay A ° - * p TT i n the r e s t frame o f the A ° . I f 
- ,o -> D i s the momentum o f the n i n the r e s t frame o f the A and A i s t h e 
momentum o f the A ° i n t h e l a b o r a t o r y , then 
— -> 
* A D cos 0 , = — (2.13) 
d |A|.|D| 
i s known t o be u n i f o r m l y d i s t r i b u t e d between - 1 and +1. Figure 2.10 shows 
the experimental d i s t r i b u t i o n o f t h i s q u a l i t y . A c l e a r l o s s i s v i s i b l e 
d 
* 
tor 0.94 * cos 0 . £ + 1.0. 
— o The r e c o i l momentum o f the TT and p i n t h e A r e s t frame i s 
q = O.l GeV /cc For t h e Lorentz boost from the A ° r e s t frame t o the 
l a b o r a t o r y B = P ^ / E ^ ' w n e * e P^ and E ^ are the A momentum and energy 
- * * 
i n the l a b o r a t o r y . Hence, t h e TT has energy E = y E - Y B q cosG 
d 
* / 2 2 
i n the l a b o r a t o r y , w i t h E » / q + m T i n the l a b o r a t o r y , t he TT 
TT 
has a momentum component p a r a l l e l t o t h e A d i r e c t i o n , 
p " = Y q cos0 * D - Y B E* (2.14) 
1 * 
and a component per p e n d i c u l a r t o the A d i r e c t i o n # p = q s i n 0^ (2.15) 
So the angle subtended by the IT t o the A d i r e c t i o n i n t h e l a b o r a t o r y 
0 i s g i v e n by L 
1 c q s i n 0 , 
Tan 0 L = £ 7 7 - = 5 + (2.16) 
p yq cosG _ -Y6 E 
a 
q * 
Provided cosO > B , the TT i s produced i n the forward d i r e c t i o n w i t h 
E o 
respect t o t h e A i n the l a b o r a t o r y . Considering t h e motion o f t h e i r ~ .o * p a r a l l e l t o t h e A , when cos0 ~ +1 ; -
p , f = O when B = ~7 i . e . the TT" i s produced a t r e s t i n t h e 
E 
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l a b o r a t o r y when i t s v e l o c i t y i n the A r e s t frame i s equal and op p o s i t e 
t o t h e boost v e l o c i t y from t h e l a b o r a t o r y system. This occurs when 
p^= 0.8 GeV/c. At t h i s p o i n t a l s o , t h e IT i s produced backwards i n t h e 
l a b o r a t o r y system. S i m i l a r expressions f o r t h e p r o t o n g i v e t h e A momentum 
a t which the pr o t o n i s produced a t r e s t i n the l a b o r a t o r y as 0.1 GeV/c, 
Above t h i s momentum t h e p r o t o n i s produced forward i n the l a b o r a t o r y when 
cos 0 = 1 . I n p a r t i c u l a r , t h e energy o f t h e p r o t o n i n the l a b o r a t o r y 
i s :-
E = Y E* + cosG^. Y0 q (2.17) P p a 
Hence, provided p^ > O.l GeV/c, t h e re g i o n near cosG ^* 1 corresponds t o 
pr o d u c t i o n o f slow pi o n s , which may be s u b j e c t t o s h o r t range l o s s e s , and 
f a s t protons i n the l a b o r a t o r y . I f p < 0.8 GeV/c the l a b o r a t o r y angle 
between p r o t o n and pi o n Q^ , i . e . t h e opening angle o f t h e V°, w i l l be small; 
when p^ > 0.8 GeV/c^the opening angle i s close t o 180°. Both o f these 
geometries are p o t e n t i a l l y s u b j e c t t o l o s s :-
( i ) I f 0^ ^ O the IT and p t r a c k s may obscure each o t h e r and 
pr o v i d e measurement d i f f i c u l t i e s ( F i g . 2*8). 
o 
( i i ) I f 0y % TT the A decay v e r t e x may be d i f f i c u l t t o l o c a t e > 
causing t h e vector d e s c r i b i n g t h e A° t r a j e c t o r y i n t h e l a b o r a t o r y t o be 
misdetermined, ( F i g . 2.9). To i n v e s t i g a t e s h o r t p i o n range and opening 
angle l o s s e s , a Monte-Carlo technique has been developed, 
2.7 MONTE-CARLO STUDIES 
S t r i c t l y , a Monte-Carlo technique i s one which allows t h e con-
sequences o f a p h y s i c a l model t o be examined i n a regime where f i n i t e 
s t a t i s t i c a l p r e c i s i o n i s t h e l i m i t i n g f a c t o r . I n t h i s t h e s i s t h e technique 
w i l l be used t o i n v e s t i g a t e t h e r e l a t i o n s h i p between geom e t r i c a l and 
K 
I Small Opening Angle A 0 Decay 
Figure 2.8 : Small opening angle A° decay. 
Large Opening Angle A Decay 
Actual 
Decay Vertex 
Measured Decay Vertex 
Production 
Vertex 
K 
Figure 2.9 : Large opening angle A decay. 
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kinematic q u a n t i t i e s f o r the A ° decay. As such t he model f o r t h e p r o d u c t i o n 
p r o p e r t i e s o f the A comes from t h e event sample i t s e l f , t h e Monte-Carlo 
o 
i n p u t comes from the randomisation o f t h e decay p r o p e r t i e s o f t h e A . 
To generate an i n t e r a c t i o n v e r t e x and k 3-vector momentum f o r events 
r e q u i r e s a d e t a i l e d knowledge o f t h e i n c i d e n t beam p r o f i l e i n bot h c o n f i g u r a -
t i o n and momentum space. This would demand a d e t a i l e d knowledge o f t h e 
beam l i n e o p t i c s and i s beyond t he scope o f t h i s t h e s i s . Since the k~beam envelope 
i s c o n i c a l a t e n t r y t o t h e chamber and subsequently develops c u r v a t u r e i n 
the chamber f i e l d , i t i s c l e a r t h a t t h e k d i r e c t i o n and p o s i t i o n a t i n t e r -
a c t i o n i n the chamber are h i g h l y c o r r e l a t e d . This e f f e c t has been embodied 
i n the Monte-Carlo by randomly s e l e c t i n g i n t e r a c t i o n v e r t e x and k d i r e c t i o n 
from those f o r 100 r e a l events. These values are randomly o v e r w r i t t e n by 
new values throughout t h e procedure. Only events passing f i d u c i a l volume 
and beam cu t s are used. 
o o S i m i l a r problems a r i s e i n the generation o f A momentum. The A 
momentum depends on i t s centre o f mass p r o d u c t i o n angle and the i n c i d e n t k 
momentum. A d e s c r i p t i o n o f the v a r i a t i o n o f c e n t r e o f mass p r o d u c t i o n angle 
w i t h i n c i d e n t momentum r e q u i r e s a d e t a i l e d knowledge o f s-channel dynamics. 
o 
But, since i t i s c l e a r t h a t no A p r o d u c t i o n kinematics occurs w i t h a 
d e t e c t i o n p r o b a b i l i t y l e s s than 78%,. see s e c t i o n 2.5, one may use t h e c e n t r e 
o f mass p r o d u c t i o n angle and i n c i d e n t momentum from t h e r e a l event sample. 
Randomization o f o t h e r event q u a n t i t i e s i s more s t r a i g h t f o r w a r d . 
* 
As discussed i n s e c t i o n 2.4, the d i s t r i b u t i o n s o f 6 , <fr_ and cosG _ are 
p d d 
o 
known t o be u n i f o r m . The d i s t r i b u t i o n o f A l i f e t i m e s f o l l o w s * 
an e x p o n e n t i a l decay law. 
P r o g r a m a t i c a l l y , t h e Monte-Carlo randomization from t h e A ° 
p r o d u c t i o n kinematics f l o w s as f o l l o w s :-
(a) For each event o f given a n g l e , one hundred Monte-Carlo events 
are generated according t o t h e randomization c r i t e r i a : -
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( i ) i n t e r a c t i o n v e r t e x and d i r e c t i o n are s e l e c t e d randomly from 
lOO values f o r r e a l events. 
( i i ) The A° d i r e c t i o n i n space i s randomized by choosing a value 
o f <J> between 0 and 2IT . P 
( i i i ) The p o s i t i o n o f t h e A° decay v e r t e x i s now obtained by 
randomly s e l e c t i n g a A° l i f e t i m e according t o the e x p o n e n t i a l 
decay l a w a n <^ using the decay l e n g t h v e c t o r :-
£ — C T (2.18) 
m 
r e l a t i v e t o the p r o d u c t i o n v e r t e x . 
( i v ) The d i r e c t i o n s and momenta f o r T T and p t r a c k s emerging from the 
o 
A decay v e r t e x are obt a i n e d from <J>, s e l e c t e d u n i f o r m l y between 0 and 
a 
* 2TT and cosG , s e l e c t e d u n i f o r m l y between -1.0 and +1.0. a 
A l l kinematic and geometrical p r o p e r t i e s o f the lOO generated events 
are now s p e c i f i e d . 
(b) Cuts, where r e q u i r e d , are a p p l i e d t o t h e generated event samples and 
vario u s q u a n t i t i e s are histogrammed f o r comparison w i t h t h e l a t e r 
sample. 
(c) One o f the 100 sets o f i n t e r a c t i o n q u a n t i t i e s i s randomly o v e r w r i t t e n 
by those f o r t h e c u r r e n t event. 
(d) A new event i s read from Data Summary Tape and steps (a) t o (c) are 
repeated, 
(e) When a l l events are read and randomized, comparison i s made between 
generated events and r e a l events s u b j e c t t o the same s e t o f c u t s . 
The r e s u l t s o b t a i n e d using t h i s method w i l l be discussed i n t h e next 
s e c t i o n . 
2.8 CALCULATION OF CORRECTIONS 
Before any i n v e s t i g a t i o n s were performed concerning the o r i g i n o f 
* 
the l o s s observed i n cosO , near 4 l . o , events w i t h p r o j e c t e d l e n g t h l e s s than 
0.15 cm o r decaying o u t s i d e t h e f i d u c i a l volume f o r i n t e r a c t i o n were removed 
from both event and Monte-Carlo samples. Comparison was then made between 
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* the cosG , d i s t r i b u t i o n s from both samples. No l o s s was apparent i n t h e d 
* * generated cosO , d i s t r i b u t i o n . D i s t r i b u t i o n s o f l a b o r a t o r y momenta o f p i o n 
d o o _ and p r o t o n coming from A decay and o f A opening angle were a l s o compared. 
The most s t r i k i n g d i f f e r e n c e was observed i n the p i o n l a b o r a t o r y momentum 
below 45 MeV/c. This momentum corresponds t o a p i o n range o f 2 cm i n l i q u i d 
hydrogen. With a p i o n momentum cut o f 45 MeV/c imposed on both samples o f 
* events.the cosO _ d i s t r i b u t i o n , o f F i g . 2.J0a was o b t a i n e d , which shows good ' d 
* 
agreement w i t h the cosO . d i s t r i b u t i o n o f the data (Figure 2.1C b) . Figure 
2.11 shows a comparison o f Monte-Carlo and p i o n momentum d i s t r i b u t i o n 
w i t h t h a t o f the data. No a d d i t i o n a l systematic losses are 
e v i d e n t . For events s u r v i v i n g the cuts on p r o j e c t e d l e n g t h , 
decay f i d u c i a l volume and pion momentum , the p r o b a b i l i t y o f d e t e c t i o n 
f o r a given i n c i d e n t momentum and c e n t r e o f mass p r o d u c t i o n angle i s 
_ Number o f Monte-Carlo events s u r v i v i n g c u t s ±g\ 
p d T o t a l number o f events generated 
and each event i s weighted by 
we = l / p d (2.20) 
Figure 2.12 shows a s c a t t e r p l o t o f we as a f u n c t i o n o f cosine o f the A° 
p r o d u c t i o n angle i n the c e n t r e o f mass. The l a r g e s t weight c a l c u l a t e d i s 
1.5, which corresponds t o a d e t e c t i o n e f f i c i e n c y o f 66%. 
2.9 NORMALIZATION 
I n order t o c a l c u l a t e absolute c r o s s - s e c t i o n s f o r the r e a c t i o n 
k~p •+ TT +Tr~A #a n o r m a l i z i n g process i s r e q u i r e d . To t h i s end f use has been 
made o f t h e weak T decay mode o f the k meson : -
k~ -> TT+TT~ TT (2.21) 
This process i s t o p o l o g i c a l l y unambiguous w i t h any o t h e r k decay o r s t r o n g 
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i n t e r a c t i o n i n l i q u i d hydrogen. The only l o s s e s which may be anticipated 
are those of short stopping pions. Using an approach s i m i l a r to that of 
section 2 e4, the minimum pion momentum i n the laboratory may be cal c u l a t e d . 
When the e f f e c t i v e mass of the dipion system i s minimum, the centre of mass 
momentum of the r e c o i l i n g single pion takes on i t s maximum value. I f the 
di r e c t i o n of motion for t h i s pion,in the k meson r e s t frame, i s opposite 
to that of the k i n the laboratory, the laboratory momentum of the pion 
takes on i t s minimum value. Minimum pion momenta i n the laboratory as 
a function of incident k meson momenta are given i n Table 2.2. The lowest 
incident k momentum i n t h i s experiment i s 0.650 GeV/c, at which the slowest 
possible pion produced by x decay has momentum 0.55 GeV/c. This corresponds 
to a range i n l i q u i d hydrogen 5 cm. which should be e a s i l y detectable. 
2.10 CROSS-SECTIONS 
where N i s the number of sc a t t e r i n g centres per unit volume and A i s the 
mean free path for in t e r a c t i o n i n a p a r t i c u l a r incident momentum i n t e r v a l . 
I f the t o t a l path length for strong interactions i s I and N strong i n t e r -
actions are observed 
The cross-section for the reaction k p ->-ATT TT i s defined to be 
a N A (2.22) 
A = £/N (2.23) c 
S i m i l a r l y the mean free path for weak decay i s 
A = £/N, where N, i s the t o t a l d a d (2.24) 
number of decays observed. I f T i s the l i f e t i m e for k decays, 
P C T (2.25) m. k 
where p i s the incident laboratory momentum of the k mesons and i s the 
k mass. 
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Assuming the potential pathlength for strong i n t e r a c t i o n and decay are 
i d e n t i c a l at each momentum 
N c \ I 1 a - ~r . f. — . — i (2.26) N p C T No T A 
where f i s the branching f r a c t i o n for the T decay mode, p i s the density 
of l i q u i d hydrogen and N i s Avogadro's number. 
The number of int e r a c t i o n s for k p •> A T T + T T i s determined from the 
to t a l number of events i n t h i s channel, surviving cuts, weighted by the 
correction factors calculated i n section 2.7, multiplied by a factor to account 
o — for the branching fr a c t i o n of the A hyperon into the v i s i b l e IT p mode. Both 
the number of i mode decays and strong interactions have been corrected for 
throughput e f f i c i e n c y and scanning e f f i c i e n c y . 
A l l the film has been scanned once. Some of i t has been scanned 
twice. For events of a given topology i n the sample scanned twice, a scanning 
e f f i c i e n c y may be calculated. I f N^ events are seen on the f i r s t 
scan, are seen on the second scan and N ^ seen on both scans, 
N12 e, = ; f i r s t scan e f f i c i e n c y 1 N2 
N 1 2 
e 9 = : second scan e f f i c i e n c y (2.27) 
N 1 2 ( N 1 + N 2 " N 1 2 ) 
e,_ = • • • : double scan e f f i c i e n c y 
i z 1 2 
The events are weighted according to the inverse of the appropriate scanning 
e f f i c i e n c y , depending into which category they f a l l . 
Separate scanning e f f i c i e n c i e s e x i s t for 300 topology events which 
include the x decay mode and 201 topology events which include the reaction 
k p -> A T T + T T .. These have been determined by G. Gopal (Ref. 2.4), and are 
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given i n Table 2,2 as a f u n c t i o n o f beam o p t i c s s e t t i n g - a c e r t a i n 
amount o f overw e i g h t i n g may occur i n the c a l c u l a t i o n o f c r o s s - s e c t i o n s , 
o 
Although losses o f events w i t h s h o r t pions and A decay lengths r e s u l t i n 
events not being seen as TTTTA events, i t i s p o s s i b l e t h a t these e f f e c t s 
r e s u l t i n poor m e a s u r a b i l i t y and ge o m e t r i c a l r e c o n s t r u c t i o n o r simply 
poor scanning. No p o s s i b i l i t y e x i s t s f o r i n v e s t i g a t i o n o f these e f f e c t s 
given t h e systematic procedure adopted i n t h i s experiment. 
Cross-sections f o r the r e a c t i o n k p •> Air +ir as a f u n c t i o n o f 
momentum b i n are given i n Table 2.3 together w i t h t h e t o t a l weighted and 
unweighted numbers o f T decays and i n t e r a c t i o n s i n these b i n s . E r r o r s are 
determined from t h e Poisson e r r o r o f the b i n contents. 
Figure 2.13 shows the cross- s e c t i o n s t o g e t h e r w i t h those found by 
the C.H.S. c o l l a b o r a t i o n (Ref. 2.3) and Evans e t a l (Ref. 2.5). A l l t h r e e 
data sets agree w e l l . The s t a t i s t i c s o f Evans e t a l are comparable w i t h those 
o f t h i s experiment a t each energy, w h i l s t C.H.S. has on l y about 350 c o r r e c t e d 
events per momentum b i n . 
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CHAPTER 3 
3.1 INTRODUCTION 
The f o r m u l a t i o n , i n terms o f s p i n , o f two body s c a t t e r i n g processes 
and decays has been i n v e s t i g a t e d and reviewed by s e v e r a l authors (references 
3.1, 3.2, 3.3). This chapter w i l l n o t present any new r e s u l t s concerning 
s p i n formalism, b u t w i l l present r e s u l t s merely as they r e l a t e t o t h e 
method o f a n a l y s i s used i n Chapters 5 and 6* As such, t h e aim o f t h i s 
t h e s i s i s t o e x t r a c t TTZ (1385) f i n a l s t a t e s from t h e Air i r ~ D a } i t z p l o t and 
to decompose the s c a t t e r i n g process k p-** TT£ (1385) i n terms o f p a r t i a l wave 
amplitudes. 
the k~p i n i t i a l s t a t e v i a a s e t o f s-ghannel p a r t i a l wave amplitudes. 
Subsquently, t h e £(1385) i s o b a r undergoes decay. This decay i s independent 
o f a l l p r o d u c t i o n p r o p e r t i e s , w i t h t h e e x c eption o f t h e I(1385) h e l i c i t y . 
As a measure o f the s t a t i s t i c a l m i x t u r e o f s p i n e i g e n s t a t e s , t h e s p i n 
d e n s i t y m a t r i x w i l l be used. I n f a c t t h e angular d i s t r i b u t i o n o f t h e 
2(1385) decay fragments may be used t o deduce t h e elements o f t h e s p i n 
d e n s i t y m a t r i x . 
The f o l l o w i n g processes are expected t o c o n t r i b u t e t o t h e Aw*w~ 
D a l i t z p l o t 
F i g 3.1 shows a schematic r e p r e s e n t a t i o n o f t h e b a s i c s c a t t e r i n g 
process used i n isobar analyses. The ir£(1385) f i n a l s t a t e couples t o 
k"p •* i r ~ E + (1385) (3.1) 
U Air 
k"p + i r V (1385) 
^ Air" 
(3.2) 
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Consider the kinematics o f r e a c t i o n s 3.1 and 3.2 expressed i n terms o f t h e 
2 2 + D a l i t 2 p l o t v a r i a b l e s m^  and m 2 , which are t h e e f f e c t i v e masses o f the Air 
and Air systems r e s p e c t i v e l y . The s p a t i a l c o n f i g u r a t i o n o f f i n a l s t a t e 
p a r t i c l e s may be described i n terms o f t h r e e angles : 
* + -
( i ) The p r o d u c t i o n angle, 0 , f o r t h e a p p r o p r i a t e Air /Air system i n 
the o v e r a l l c e n t r e o f mass, measured w i t h r e s p e c t t o t h e d i r e c t i o n o f motion 
f o r the i n c i d e n t p r o t o n . 
( i i ) The angle G o f the A t o t h e i n i t i a l d i r e c t i o n o f motion o f 
the 2(1385) i n t h e Air+/Air~ r e s t frame. 
( i i i ) The azimuthal angle <j> o f the A about the 1(1385) d i r e c t i o n 
o f motion i n t h e Air— r e s t system. 
2 2 
Both m^  and m^  are independent o f cen t r e o f mass p r o d u c t i o n angles 
and decay azimuthal angles. Hence, the d i s t r i b u t i o n o f events i n t h e 
A T T + IT D a l i t Z p l o t depends o n l y on e f f e c t i v e mass and decay p o l a r angle, 0. 
However, dependence on t h e ir£(1385) p r o d u c t i o n mechanism i s i n t r o d u c e d by 
v i r t u e o f t h e f a c t t h a t t h e angular d i s t r i b u t i o n f o r decay o f t h e 2(1385) 
depends on t h e p o p u l a t i o n o f i t s h e l i c i t y s t a t e s . I n Section 3.2 o f t h i s 
chapter, i t i s shown t h a t given a s e t o f s-channel p a r t i a l wave amplitudes, 
the s p i n d e n s i t y m a t r i x elements are a f u n c t i o n o f c e n t r e o f mass p r o d u c t i o n 
angle f o r the a p p r o p r i a t e 2(1385) system. The d e n s i t y o f events i n t h e 
D a l i t z p l o t may be used t o determine t h e d i a g o n a l elements o f t h e s p i n 
*. 
d e n s i t y m a t r i x i n t e g r a t e d over c e n t r e o f mass p r o d u c t i o n angle cos9 . To 
determine the o f f diagonal elements, the d i s t r i b u t i o n o f <J> must a l s o be used. 
I f t h e amplitudes f o r r e a c t i o n s 3.1 & 3 .2 , which c o n t r i b u t e t o t h e 
Air+ir" D a l i t z p l o t d e n s i t y , are T^ and T^# t h e t o t a l amplitude f o r pure 
ir2 (1385) p r o d u c t i o n i s 
T(m 1,m 2,0 1,0 2) = ^ ( 1 ^ , 0 ^ + T 2 ( m 2 , 0 2 ) . 
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The d e n s i t y o f events i n the D a l i t * p l o t i s p r o p o r t i o n a l t o 
|T| | T Cm ,0 ) | |T (m ,0 ) \ 2 Re T (nurG,) ^(ra^G.,) 
(3.3) 
The dependence o f amplitudes T. and T on e f f e c t i v e masses m and 
m2 w i l l be given by B c e i t Wigner f u n c t i o n s o f and r e s p e c t i v e l y , w h i l s t 
the dependence on 0^ and i n t e g r a t e over m^  and m^ • 
This leads one t o expect t h a t t h e i n t e r f e r e n c e term i n equation 3.3 w i l l 
o n l y be apprec i a b l e i n zones o f ov e r l a p between bands r e p r e s e n t i n g r e a c t i o n s 
3.1 and 3.2 i n the D a l i t z p l o t . I n Chapter 4 i t w i l l be shown t h a t even i n 
regions o f kinematic o v e r l a p t h i s term may be ign o r e d , since t he d e n s i t y 
o f events i n the o v e r l a p r e g i o n i s j u s t t h e sum o f 2(1385) bands i n non-overlap 
r e g i o n s . Assuming t h e cross term may be negle c t e d , t h e D a l i t z p l o t d e n s i t y 
becomes an incoherent sum of the quasi two-body f i n a l s t a t e s o f r e a c t i o n s 
3.1 and 3.2. The formalism r e q u i r e d f o r e x t r a c t i n g d e s c r i p t i o n s o f t h e 
d i f f e r e n t i a l cross s e c t i o n and s p i n d e n s i t y m a t r i x elements f o r t h e c o r r e c t e d 
data sample, described i n Chapter 2, w i l l be gi v e n i n the remainder o f t h i s 
chapter• 
3.2 PRODUCTION PROPERTIES 
Reference 3.3 gives t h e d i f f e r e n t i a l cross s e c t i o n ^2. a s a Legendre 
cut 
polynomial expansion i n terms o f products o f p a r t i a l waves f o r t h e process :-
a + b —* c + d 
i n which p a r t i c l e s a,b, c and d have general s p i n s . I n b r i e f , t h i s r e s u l t 
i s o b t a i n e d from the d e f i n i t i o n o f the s c a t t e r i n g amplitude w i t h A as t h e 
h e l i c i t y l a b e l :-
* 
f(COS0 ) = 2 / (2s +1) (2s, +1) 
1 
£ < X c X d l T l X a V (3.4) 
a l l X 
given t h a t :-
da I f ( c o s O ) I 
an (3.5) 
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The f i n a l form f o r da/dfl i s expressed i n the angular momentum 
b a s i s , whereas 3.4 i s w r i t t e n i n t h e h e l i c i t y b a s i s . To perform t h i s t r a n s -
f o r m a t i o n t h e f o l l o w i n g r e s u l t s are used 
( i ) The T m a t r i x , which describes t h e t r a n s i t i o n between d i f f e r e n t 
i n i t i a l and f i n a l s t a t e s , i s expanded i n terms o f angular momentum ei g a n s t a t e s 
<x x^ |T| x x > = 7 ( J + ~ ) <x x |T j| x x > d J x x ' ( 0 * ) (3 . 6 ) 
c d a b * 4 2 c a a D 
where X = X ~X^ , X' = X - X . and 0 i s t h e ce n t r e o f mass a b c d 
s c a t t e r i n g angle o f t h e f i n a l s t a t e p a r t i c l e s measured w i t h respect t o t h e 
i n i t i a l s t a t e p a r t i c l e s . A choice o f i n i t i a l s t a t e s c a t t e r i n g plane w i t h 
y a x i s as normal and z a x i s i n t h e k d i r e c t i o n has been made(see Figure 3.2) 
( i i ) The t r a n s f o r m a t i o n c o e f f i c i e n t between two p a r t i c l e h e l i c i t y 
s t a t e s | J m X ^ d > and o r b i t a l angular momentum s t a t e s | j m I s > ~~ 
<J m I s J m X X , > = 1 c d 
2£+l 
2J+1 C U o s X | j X ) C ( s X s - X J s , X -X J (3.7) c c a a c a 
where s = s + s. and J = Jl + s w i t h I the r e l a t i v e o r b i t a l a b 
angular momentum o f p a r t i c l e s c and d. 
( i i i ) The m u l t i p l i c a t i v e p r o p e r t i e s o f d f u n c t i o n s : -
J J 1 * 2 
V l X2X2 
• f *) = c ( J 1 x 1 J 2 - x 2 | ) i , x 1 - x 2 ) c ( j 1 x 1 J 2 - X 2 | t , x 1 - x 2 ) 
4 - 1 ^ 2 1 
A2~ A2 1 * * (-D cL • • (0 ) (3.8) 
A l A 2 ' A 1 A2 
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and t h e i r r e l a t i o n s h i p t o Legendre polynomials s 
a n m (e )= ( - i ) m a <e > = 
om mo 
(£-m)! 
(£+m)! 
m * 
p. (COS0 ) (3.9) 
F i n a l l y , t h e r e s u l t f o r u n p o l a r i z e d i n i t i a l p a r t i c l e s i s 
do 
p (2s^+l) (2S-+1) 
( x r x 2 > / ( l 1 - r t ) ( l 1 - » J s ) ( A 2 + l S ) ( £ 2 + l s ) 
io 
Tic, T J l | V l x i r 2 
i = l 
P A < cos G ) 
£ 
(3.10) 
Here the s u b s c r i p t s 1 and 2 r e f e r t o t h e p a r t i a l wave amplitudes 
<£^ s^ |T I ^ 1 S 1 > <&2 s2 l T I ^2S2 > 1 t h e p r i m e d unprimed 
q u a n t i t i e s are associated w i t h f i n a l and i n i t i a l s t a t e p a r t i c l e s 
r e s p e c t i v e l y . Table 3.1 l i s t s t h e t e n Clebsch-Gordan c o e f f i c i e n t s which 
10 
appear i n t h e product TT C. • Hie summation runs over £ such t h a t 
i = l 1 
l J l " J 2 ' < l < l J l + J 2 ' ' J 1 # J 2 # £ 1 ' £ l ' l2'l2 S 1 ( S B S 2 ) # 9 1 ( ** S 2 ) a n d t h e 
p a r t i c l e h e l i c i t i e s X #X__ ,X and A , . 
a D c a 
S t a r t i n g from t h e d e f i n i t i o n o f the elements o f t h e s p i n d e n s i t y 
m a t r i x f o r p a r t i c l e d t -
, p 2 ( 2 s ^ + l ) (2^+1) X a , X b # X 
2 < A c f M W ^ c f ' N 
mm 
E ~2 7 . I * X c X d T X a V 
a l l X 
where X d = | a n d = ^ O . U ) 
1 C ( V s i \ 1 J i \ ) 
2 C ( S c Ac S d " Xd 1 s l ' ' V X d ) 
3 
4 C ( s a X a sb "Xb 1 V VS.) 
5 
C ( l 2 O S 2 X2 1 J2 O 
6 C ( s c W - x a 1 J2 ' xc - x a ) 
7 C K ° S 2 X 2 1 V 2 ) 
8 C ( S 1 "a V S J S2 Xa" Xb) 
9 C ( V l J2" X2 1 l' x r x 2 ) 
10 C ( V l ' J 2 " O^lW) 
TABLE 3.1 Clebsch-Gordan C o e f f i c i e n t s 
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I n t h i s expression the denominator i s simply the d e f i n i t i o n of the 
d i f f e r e n t i a l cross-section and the numerator may be transformed to the 
angular momentum ba s i s using equations 3.6, 3.7, 3.8 and 3.9. The r e s u l t 
i s :-
A -X 1 
do = 
Pmm dU 2>>v l 2 I k 
i 
jH5(m-m ) 
i 
HJj(ra-m ) 
p 2(2a+l) (2sb+l) 2=1 / ( t 1 , 4 * i ) (t^H) w2'+h) u 2+w 
(3.12) 
10 
Again, ~JJ C. i s a product of ten Clebsch-Gordan c o e f f i c i e n t s and 
i = l 1 
the summation extends over the same variables as equation 3.10, 
viith the exception of X . The r e s u l t s given i n t h i s section are 
a 
taken from reference 3.3, but s i m i l a r developments are also given i n 
references 3.1 and 3.2. 
3.3 DECAY PROPERTIES 
The decay angular d i s t r i b u t i o n of the 2(1385), which i s produced 
as a s t a t i s t i c a l mixture of d i f f e r e n t h e l i c i t i e s ^ i s given by reference 3.2 
as :-
r • * m e r ram m e f 
mm X X _ e f 
where N i s a normalizing factor and :-
A (X X.) = <X X. |T| J ra > (3.14) m e t e r * 
with X and X r the A and TT~ p a r t i c l e h e l i c i t i e s . e t 
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Again, a choice of a x i s system i s possible, here i t i s taken as the h e l i c i t y 
frame, i n which the decay polar angle 6 i s measured with respect to the 
incoming £ (1385) d i r e c t i o n and the azimuthal angle <J> i s measured with respect 
to the x-axis, the y-axis being defined as the normal to the plane which 
includes the i n i t i a l s t a t e k d i r e c t i o n and the £(1385) d i r e c t i o n i n the 
o v e r a l l centre of mass (Fig.3.3.). I t i s then possible to write (c.f.of equation 
3.6) 
2 8 d + 1 s d 
Considerable s i m p l i f i c a t i o n a r i s e s from the following r e l a t i o n s h i p s 
between the spin density matrix elements :-
* ( i ) p * = p v , i . e . p i s hermitian from the d e f i n i t i o n of mm m m 
equation 3.11 since i t i s an observable. 
T r [ P ] = Ep m'i-
m 
( i i i ) With t h i s choice of axes, p a r i t y conservation g i v e s ; -
P " = Pra m- (-1) mm m—m 
m-m 
Hence, 
q1 x = p_ x _ x P 3 3 = P - 3 _ 3 (parity conservation) 
a n d 2(p + p ) = 1 (trace condition) 
p^ ^ and p 3 3 are pure r e a l . 
T3 
a' i 
i ex. cx >-
II I 
Of V) T3 "a 
X M 
X5 
CD 
cu to 
> X 
CD I/) 
OJ 
00 
X 
cs1 
m 
a t 
X a. 
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3 _ 3 = p^ 3 3 (hemiticity) = p 3 _ 3 (parity) : are pure imaginary 
p l - l = p - l , l = p 1-1 : are pure imaginary 
p 3 1 = p 1 3 = p -1-3 = " p - 3 - l : complex 
p 3 - l = P - 1 3 = p 1-3 = p 3 1 : complex 
So, the spin density matrix has seven independent parameters, 
P 3 3 # Im P 3_ 3* p_ 1_. Re p 3 1 # Re P 3_ 1# Im p 3 1 and Im P 3 - 1 # of which 
i t i s only possible to measure the r e a l parts i f p o l a r i z a t i o n 
information i s la c k i n g . 
F i n a l l y , on i n s e r t i o n of the values J** = 3/2 for £(1385) , * j + for A 
and 0 for TT, the angular d i s t r i b u t i o n for decay i s 
W<0,«) - l y i 1 ( L 
2 \ 3 
2 \ + cos ej + 2 - cos oj '33 
2 2 2 
— sin29 cos$ Re p.. - — s i n 0cos 24 Re p. , / r 3 1 / t t 3 - x 
(3.16) 
i where the p have been averaged over the centre of mass production angle mm 
* 
0 . I n the next section t h i s r e s u l t w i l l be used to obtain 
( i ) a density function for events i n the Dalitz p l o t which depends 
+ 
on the Air e f f e c t i v e masses and the decay polar angle 0 only. 
( i i ) a probability function which depends on production centre of 
mass angle, decay polar and azimuthal angles and also on Air e f f e c t i v e masses 
3.4 DENSITY FUNCTIONS IN THE DALITg PLOT 
I t was stated i n Section 3.1 that the density of events i n the 
D a l i t z p l o t depends only on the Air + and Air e f f e c t i v e masses (m^ and m^) 
and the polar decay angles for these systems (0^and 0 ^ ) . Both e f f e c t i v e mass 
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projections from the Dalitz plot are expected to be determined by Breit-Wigner 
functions :-
m r 
B(m 2) = — 
, 2 2,2 2 Jl (m - m ) + m r o o 
where T i s the £(1385) w i d t h and ra i t s mass. The decay p o l a r angular 
o 
dependence o f the D a l i t z p l o t i s ob t a i n e d by i n t e g r a t i n g equation 3.16 over 
decay azimuthal angle s-
27T 
WO) = j W(0,$) d<j> 
(3.17) 
Hence, the o n l y f a c t o r s determining t h e D a l i t z p l o t d e n s i t y are t h e r e l a t i v e 
+ + 
f r a c t i o n s and the values o f f o r t h e ir~* £ (1385) f i n a l s t a t e s . 
To o b t a i n i n f o r m a t i o n which may be r e l a t e d t o t h e p a r t i a l wave 
expansions o f S e c t i o n 3.2 t h e p r o d u c t i o n angular d i s t r i b u t i o n must be 
i n v e s t i g a t e d . Since angular dependence o f Re P 3_^ and Re p ^ c o n s t r a i n 
the values o f p a r t i a l waves,in a d d i t i o n t o do/dft and p ^ j t h e decay 
azimuthal angle w i l l a l s o be i n c l u d e d . Production and decay angular 
dependence are now represented as 
W(0 ,0,<fr) = j ( j + cos2e) + 2^ j - cos2e) p 3 3 (g*) 
2 * 2 2 * da 
sin20 cos* Re p,. (cos0 ) - — s i n 0 cos2<t>Rep. . (cos© ) -r?r 
/ - 3 1 f l 3-1 J dA 
(3.18) 
For f i t t i n g purposes, a production angle dependant paramatrization, 
consistent with p a r t i a l wave expansions given i n Section 3.2, must be chosen 
* * * 
for do/d8 , p 3 3 (cos0 ) da/d« , Re p ^ C c o s G ) da/da and Re p 3 1 ( c o s 0 )do/dQ 
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Since da/dft i s expanded i n Legendre polynomials (eqn.3.10) and p da/dft 
mm 
i s expanded i n terms o f t h e associated Legendre polynomials 
^(m-m1) 
* 
P (cosO ) , the f o l l o w i n g are.used 
1 — 
1 
o 
= 2TTA' 
P 3 3 d?T = 2 V X 
L 
£=0 
(COS 0 ) 
P & (COS 0 ) (3.19) 
1 
a 
1_ 
a 
R e p 3 ^ 1 dfl = 2 7 r X 
Re p = 2 T TX 2 
3-1 
Z 1 
£=1 
L 
£ 
Jt-2 
D 
(cos0 ) where L i s t h e maximum 
order o f expansion 
P £ 2(cose*) 
i s the wavenumber o f 
the i n c i d e n t k~ i n the 
o v e r a l l c e n t r e o f mass 
which have the a t t r a c t i v e f e a t u r e t h a t t h e p a r a m a t r i z i n g c o e f f i c i e n t s A ./A , 
x. o 
B f l / A o ' C i / A o a n d D f l / A o a r e r e l a t e d t o expansions i n t h e r e a l p a r t s o f products 
o f p a r t i a l wave amplitudes. The c o e f f i c i e n t s o f these p a r t i a l wave expansions 
are t h e products o f 10 Clebsch-Gordan c o e f f i c i e n t s and the angular momentum 
f a c t o r s o f equations 3.10 and 3.12. 
I f the r e l a t i v e p o p u l a t i o n s o f Z +(1385) and E~(1385) bands i n the 
D a l i t z p l o t are known, then s t a t i s t i c a l estimates o f the A 0, B 0, C a and D0 
* 
c o e f f i c i e n t s may be obtained from d i s t r i b u t i o n s o f cos 0 , 0 and 4> , weighted 
by t h e a p p r o p r i a t e Breit-Wigner f u n c t i o n , u s i ng t h e f o l l o w i n g expressions, which 
are given i n Ref. 3.3 :-
I * 
— = (2i +1) < (cos0 ) > 
o 
(3.20) 
®p (2£ +1) 2 * ~ = ^ - — ^ < (5 cos 0 -1) P £ (cosO ) > 
o 
(3.21) 
4 1 
C 5(21 + 1 ) , * 
— = - < sin20 cos <f> P ( cos 0 ) > (3.22) 
o 4^2 i( Jl+ 1 ) 
°* (2JI + 1 ) ! n A ^ 2 , * #_ __, — « - < cos2<|> P. (cos© ) > (3.23) 
o U + 2 ) I 
Equations 3 . 2 0 , 3 . 2 1 , 3 . 2 2 , and 3 . 2 3 are ob t a i n e d by s u b s t i t u t i n g t h e para-
* 
m a t r i z a t i o n s Q f equation 3 . 1 9 i n t o W ( G ,0,<J>) given by equation 3 . 1 8 and using 
the o r t h o n o r m a l i t y c o n d i t i o n s f o r Legendre and associated Legendre polynomials. 
3 . 5 FITTING OF THE DALITZ PLOT DENSITY AND ANGULAR DISTRIBUTIONS 
Although the d e n s i t y f u n c t i o n W(0 ,0,$) given i n equa t i o n 3 . 1 8 , t o g e t h e r 
• 
w i t h t h e p a r a m a t r i z a t i o n s o f do/dfl and p do/dft, can be used as t h e ba s i s 
mm * + -
f o r a maximum l i k e l i h o o d f i t t o t h e v a r i a b l e s M,0 ,0 and $ f o r IT £ ( 1 3 8 5 ) and 
IT E + { 1 3 8 5 ) quasi two body f i n a l s t a t e s , t h i s proves expensive i n computer ti m e 
usage (Ref. 3 . 5 ) . A more economical method, r e l y i n g on t h e moments expressions 
given i n equations 3 . 2 0 t o 3 . 2 3 , has been developed by B.Franek o f t h e Ruther-
f o r d Laboratory. The un d e r l a y i n g formalism and the programmatic procedure 
are described i n Refs. 3 . 5 and 3 . 6 , t h i s s e c t i o n w i l l be devoted t o a b r i e f 
d e s c r i p t i o n o f t h e method. Chapter 5 c o n t a i n s a d e s c r i p t i o n o f m o d i f i c a t i o n s 
which a l l o w non-resonant e f f e c t s t o be in c l u d e d ; these are r e q u i r e d t o account 
f o r dynamic e f f e c t s seen i n t h e TT+TT system i n t h e D a l i t z p l o t . 
One c l e a r o b j e c t i o n t o using t h e moments expressions t o c a l c u l a t e t h e 
A £, B^, and D^ , i s t h a t t h e r e l a t i v e p o p u l a t i o n o f E + ( 1 3 8 5 ) and j f ( 1 3 8 5 ) 
bands i n the D a l i t z p l o t are r e q u i r e d t o weight t h e cos0 , cos 0 and <f> 
d i s t r i b u t i o n s and o b t a i n t h e s t a t i s t i c a l e s t imates. Equation 3 . 1 7 shows t h a t 
t o f i t t h e D a l i t z p l o t , o r i t s e f f e c t i v e mass p r o j e c t i o n s , r e q u i r e s n o t o n l y 
freedom o f the f r a c t i o n s o f T T + I ( 1 3 8 5 ) and IT E + ( 1 3 8 5 ) p r e s e n t (a^ and a^) 
b u t a l s o o f p ^ . There are hence c o r r e l a t i o n s between t h e d e t e r m i n a t i o n 
o f a 1 , a 2 and the c o e f f i c i e n t s A &, B^, and D^ . To o b v i a t e t h i s problem 
an i t e r a t i v e method has been developed. 
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I t i s p o s s i b l e t o describe the r e a c t i o n k p + ATT+TT i n terms of 
f i v e independent v a r i a b l e s , since each o f the t h r e e f i n a l s t a t e p a r t i c l e s 
has t h r e e components o f momentum and cons e r v a t i o n o f 4 v e c t o r momentum 
imposes 4 c o n s t r a i n t equations. I f t h i s s e t o f v a r i a b l e s i s described by 
x , the p r o b a b i l i t y d e n s i t y f o r the r e a c t i o n i s g i v e n by :-
dw(x) = F(x) d pH (3.24) 
where F(x) = £-J a, f . (x) i s a 
A3 J j = l 
sum over Z— (1385) T T + quasi two body f i n a l s t a t e c o n t r i b u t i o n s . The 
f r a c t i o n o f a p a r t i c u l a r quasi two-body c o n t r i b u t i o n present i s and t h e 
s i n g l e channel d i s t r i b u t i o n f u n c t i o n s f ^ (x) are g i v e n by 
f . ( x ) = i - B(m. 2)W(0.*,G.^.) (3.25) 
3 «j J J J 3 
Each channel i s normalized by a f a c t o r Z^, which i s given as an i n t e g r a l 
over the a v a i l a b l e three-body Lorentz I n v a r i a n t Phase Space d PH, s u b j e c t 
t o the c o n d i t i o n :-
and 
f . (x) d PH 
m ) 2 
7T 
d m BW 
4>/s .4m 
(3.26) 
I m + m,\ 
where Q_. i s the momentum of the quasi two-body £(1385)system i n the o v e r a l l 
centre of mass, q_. i s the momentum of the A i n the Z(1385) h e l i c i t y frame 
and Js~ i s the t o t a l centre of mass energy. 
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Each event i n the Dalitz p l o t may be assigned a weight 
a f (x ) 
« (x) = - L i ; j = 1,2 (3.27) 
1 F(X ) 
for each of the two TT£(1385) f i n a l s t a t e s , provided s t a r t i n g values e x i s t 
for the a. and the c o e f f i c i e n t s A , B , C and D. • With the c o e f f i c i e n t s 
J X» Xr Xr X 
A^, B^, and D^ fix e d , i t i s possible to c a l c u l a t e an improved estimate 
of the channel fractions :-
N N 
f . (x. ) 
(3.28) 
k«l k = l k 
where the sum over k i s over a l l events i n the sample and N i s the t o t a l 
number of events. This i s repeated u n t i l successive values of the 
calculated i n the i t e r a t i v e procedure are equal, to within rounding e r r o r s 
I d e a l l y , a t t h i s point, the f i n a l ct^ are solutions of the equation 
N 
a. ^ f (x ) 
F(X ) 
k=l 
Condon (Ref.3.7 ) shows that the values of a. s a t i s f y i n g equation 3.29 
3 N 
correspond to a maximum of the l i k e l i h o o d function \\ F(x. ) . 
k=l K 
Using the a., found i n t h i s way, new s t a t i s t i c a l estimates of the 
A^, B^, C^ and D^ c o e f f i c i e n t s may be calculated. These are then used, 
together with the current Oj values, as input for a new channel f r a c t i o n 
i t e r a t i o n . The process i s deemed to have converged when the values of 
A^, B^, C^ and D^ c o e f f i c i e n t s , found a f t e r subsequent channel f r a c t i o n 
i t e r a t i o n s s a t i s f y a s t a b i l i t y condition. T*ie c r i t e r i a chosen f or 
convergence of channel f r a c t i o n i t e r a t i o n and s t a b i l i t y of c o e f f i c i e n t s 
w i l l be discussed i n Chapter 4. 
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3,6 AXIS SYSTEMS 
In Sections 3 . 2 and 3 . 3 , angular v a r i a b l e s were given which described 
the p r o d u c t i o n and decay o f quasi two-body systems. This s e c t i o n i s devoted 
to a d e s c r i p t i o n o f the conventions used i n t h i s t h e s i s f o r a n a l y s i s o f the 
+ -
r e a c t i o n k p -> ATT TT 
Throughout t h i s work the meson f i r s t convention w i l l be used. The 
angle d e f i n i n g the p r o d u c t i o n o f a p a r t i c u l a r quasi two body system w i l l be 
measured between the i n c i d e n t k and the r e c o i l i n g f i n a l s t a t e meson,in the 
case o f ATT subsystems 9or between d i r e c t i o n o f motion o f the proton and 
the r e c o i l i n g A f o r the TT+TT subsystem. Since do/dfi and p do/69, do 
mm 
not depend on the r o t a t i o n o f the r e a c t i o n plane about t he i n i t i a l k 
d i r e c t i o n , the choice o f a x i s system used t o describe p r o d u c t i o n i s not 
c r u c i a l . 
For a d e s c r i p t i o n o f the decay o f a quasi two body system, t h e 
r o t a t i o n o f the decay plane about the i n i t i a l d i r e c t i o n o f motion, does 
ente r the angular d i s t r i b u t i o n . The choice o f a x i s system now becomes 
imp o r t a n t ; the h e l i c i t y frame i s used i n t h i s t h e s i s and r e s u l t s i n the 
r e l a t i o n s h i p s between t he spin d e n s i t y m a t r i x elements given i n s e c t i o n 3 . 3 . 
I n t h i s system the decay p o l a r angle 0 i s measured between t h e i n i t i a l 
d i r e c t i o n o f motion f o r the quasi two body system and one o f the decay p r o d u c t s . 
The azimuthal angle f ( j ) / i s measured as the r o t a t i o n o f the v e c t o r o f t h i s 
decay p a r t i c l e about the i n i t i a l d i r e c t i o n o f motion o f the quasi-two body 
system. F i g 3.Q» shows t h e h e l i c i t y system axis and t h e d e f i n i t i o n o f 
angles 0 and <J>. 
The convention used t o choose the decay p a r t i c l e , whose d i r e c t i o n 
o f motion i n the h e l i c i t y frame d e f i n e s 0 and $ i s as f o l l o w s :-
( i ) The p a r t i c l e s TT+A°TT are given l a b e l s 1 , 2 and 3 r e s p e c t i v e l y . 
( i i ) For the subsystem c o n s i s t i n g o f p a r t i c l e s i and j , which 
r e c o i l s a g a i n s t p a r t i c l e k i n the o v e r a l l c entre o f mass, t h e angles are 
measured t o p a r t i c l e i when i , j and k are taken i n c y c l i c p e r m u t a t i o n . Hence, 
f o r TT +A system the decay p a r t i c l e i s TT + , f o r ATT i t i s A ° and f o r u u + i t i s TT . 
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CHAPTER 4 
4.1 INTRODUCTION 
Before any r i g o r o u s i n v e s t i g a t i o n o f the D a l i t z p l o t f o r ATT+TT 
f i n a l s t a t e s i s undertaken, i t seems a p p r o p r i a t e t h a t c e r t a i n statements 
concerning kinematic p r o p e r t i e s should be made. These w i l l be s p e c i f i c 
t o the 0.500 t o 0.870 GeV/c i n c i d e n t momentum range. Furthermore, an 
attempt w i l l be made t o account f o r t h e s a l i e n t f e a t u r e s o f Air + , Aw and 
TT+7T quasi two-body v a r i a b l e s i n terms o f £(1385) p r o d u c t i o n . I n s i g h t 
gained from t h i s simple approach w i l l form t h e b a s i s f o r a more thorough 
a n a l y s i s , which w i l l be performed i n Chapter 5 o f t h i s t h e s i s . 
4.2 KINEMATIC PROPERTIES OF THE DALITZ PLOT 
I f the e f f e c t i v e masses o f t h e Air +, Air and i r + i r systems are denoted 
by m (Air + ) , m( Air ) , m(7r+ir ) r e s p e c t i v e l y , then conservation o f momentum 
and energy leads t o t h e r e s u l t :-
2 + 2 - 2 + - 2 2 m ( A TT ) +m ( ATT ) +m (ir TT ) = S + 2m + m* (4.1) 
IT 
where /s i s the t o t a l c e n t r e o f mass energy and mA and m^ are t h e 
A and TT r e s t masses. A v a i l a b l e phase space f o r t h e ATT+TT f i n a l s t a t e , which 
i s p r o p o r t i o n a l t o the area enclosed by t h e D a l i t z p l o t boundary, i s l i m i t e d 
by, 
(m + m j 2 v< m 2(A w±) * (/"?-« ) 2 < 4- 2> 
4m 2 * m2(ir+Tr ) $ ( i / s - m A ) 2 (4.3) 
Table 4.1 g i v e s t h e lower and upper l i m i t s o f t h e e f f e c t i v e mass 
f o r each two p a r t i c l e subsystem as a f u n c t i o n o f i n c i d e n t momentum. Since 
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2 
the measured w i d t h o f the 1(1385) i s about 0,04 GeV/c a s u b s t a n t i a l 
f r a c t i o n o f the A T T + / A 7T~ D a l i t z p l o t , i . e . phase space, w i l l be a v a i l a b l e 
t o p r o d u c t i o n o f TTI(1385) channels. I t i s also c l e a r t h a t t h e a v a i l a b l e 
phase space grows r a p i d l y over t h e momentum range s t u d i e d . 
Another important kinematic p r o p e r t y o f the A T T + / A T T ~ D a l i t z p l o t 
i s the p r o x i m i t y o f cross-over between 1(1385) bands. This p o s i t i o n i s 
determined by equating m ( A TT +) and m(iT) t o the 1(1385) mass i n equation 
4.1 and c a l c u l a t i n g t h e r e s u l t i n g value o f m ( t T T r ) as a f u n c t i o n o f i n c i d e n t 
momentum. C r i t e r i a f o r d e c i d i n g the p o s i t i o n o f cross-over are :-
m ( T r + T T ) > /"s-mA : cross-over l i e s below t h e lower kinematic 
boundary o f the D a l i t z p l o t and i s non-physical. (4.4) 
2m < m(iT+TT )< »^ - mA : cross-over l i e s w i t h i n the D a l i t z 
p l o t boundary and i s p h y s i c a l . (4.5) 
m(7r+TT ) < 2m^ : cross-over l i e s above t h e upper kinematic 
boundary o f the D a l i t z p l o t and i s non-physical. (4.6) 
C o n d i t i o n 4.5 i s s a t i s f i e d provided /s > 1.702 GeV and c o n d i t i o n 
4.7 s a t i s f i e d p r o v i d e d /s < 1.622 GeV. Hence, i n the i n c i d e n t momentum 
range 0.64 GeV/c t o 0.81 GeV/c, £(1385) bands o v e r l a p w i t h i n t h e boundary 
o f the D a l i t z p l o t . 
4.3 EXPERIMENTAL DATA FOR THE ATT**"/ ATT~ DALITZ PLOT 
D a l i t z p l o t s are shown i n Figure 4.1 f o r t h e ATT+TT f i n a l s t a t e . 
Data i n each p l o t corresponds t o a 0„02o GeV/c i n c i d e n t momentum b i t e , t h e 
c e n t r a l values being 0.750, 0.770, 0.790, 0.810, 0.830 and 0.850 GeV/c. 
f o r which the kinematic boundaries are c a l c u l a t e d . Also shown are t h e 
m 2( ATT +) and m 2( ATT"") p r o j e c t i o n s . Figure 4.2 shows t h e d i s t r i b u t i o n o f 
2 + -
m (TT TT ) i n the same momentum i n t e r v a l s . For each o f these p l o t s , t h e 
£(1385) bands o v e r l a p below t he upper kinematic boundary. Data i s 
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available in the 0.500 to 0.580 GeV/c interval, from the Track Sensitive 
Target (T.S.T) , experiment U € « i t t i n Chapter 2 of this thesis, for 
which kinematic overlap occurs above the upper kinematic boundary. The 
2 + -
Dalitz plot and m (TT ir ) distribution are shown in Figures 4.3 and 4.4 
respectively. 
Qualitative features present in this data are 
2 + 
(i) Strong 2(1385) production seen in both m (Air ) and 
2 
m (Air ) distributions and apparent as broad bands of enhanced density 
2 2 
centred on 1.92 (GeV/c ) in the Dalitz plot. This effect persists 
between 0.720 and 0.860 GeV/c, but i s not evident in the T.S.T. data. 
( i i ) An enhancement in density of the Dalitz plot near the 
lower kinematic boundary, which i s seen as a peaking at high dipion masses 
2 + -
in the m (ir IT ) distribution. Furthermore, this effect persists with 
incident momentum and i s independent of the position of kinematic overlap 
between I (1385) bands. As such, the magnitude of this enhancement i s most 
pronounced in the T.S.T. data. 
Kinematically, these properties are reflected in the cos0 d i s t r i -
bution for Air+ and Air" systems. Figures 4.5 and 4.6 show the distributions 
of these quantities in the momentum intervals chosen to display the Dalitz 
plot data. At a l l momenta, there i s a marked peaking near cos G = +1 for 
the Air+ system and at cos0 - -1 for the Air~ system. This feature corresponds 
to the enhancement of events at high ir+ir effective masses. 
Equation 3.17, gives the decay angular distribution of the Z(1385) 
in i t s own rest frame as W(0) = | J ( j + 2^>33) + ( J " 2^33 ) C O s 2 ° (4.7) 
As expected from parity conservation for the strong decay Z(1385) *> Air, 
W(0) i s symmetrical. However, the form of this distribution depends on 
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the value of p : 
( i ) I f p > h, W(0) peaks at cos0 = + 1 and cos© = - 1 
( i i ) I f p 3 3 < h, W(0) peaks at cos0 = 0,0. 
* 
Since the values of appearing i n W(0) are averaged over cos© , only 
the even B /A .coefficients determine t h i s behaviour. 
L. I O 4 
An asymmetry does appear i n the cos0 d i s t r i b u t i o n as a kinematic 
consequence of observing the decay of one 1 ( 1 3 8 5 ) system from the re s t 
frame of another. However, t h i s e f f e c t should move across the cos0 
d i s t r i b u t i o n as the Z ( 1 3 8 5 ) overlap moves across the D a l i t z p l o t . When 
the overlap i s central i n the D a l i t z p l o t and the I(1385)bands f i l l the 
available phase space, the cos0 d i s t r i b u t i o n w i l l appear nearly sym-
me t r i c a l . This i s a consequence of Z + ( 1 3 8 5 ) and Z (1385) being kinematically 
in d i s t i n g u i s h a b l e . 
4.4 ORIGINS OF THE HIGH DIPION MASS ENHANCEMENT 
Two previous experiments have also seen evidence f o r structure 
i n the m(Tr + T r ) ^ d i s t r i b u t i o n . Both have obtained data f o r the reaction 
k p -* ATT+ir from hydrogen bubble chamber exposures at momenta s i m i l a r to 
those explored i n t h i s experiment. Analysis was performed using the para-
matrizations due to Deller and Valladas preference 4 . l J , which allow f o r 
possible interference e f f e c t s between 1(1385) isobars. 
Prevost et a l [references 4.2 and 4.3J have data i n the 0.430 
to 1.230 GeV/c incident momentum i n t e r v a l . Data below 0.600 GeV/c was 
rejected by the authors and a p a r t i a l wave analysis was performed f o r 
TTZ(1385) f i n a l states. However, the f i n a l r e s u l t s o f t h i s analysis which 
allows f o r possible interferences between I (1385) and £ + ( 1 3 8 5 ) isobars 
w i t h i n the D a l i t z p l o t , do not account f o r the shape of the TT+IT~ e f f e c t i v e 
mass d i s t r i b u t i o n . 
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Possible 1(1385) isobar interference, as the o r i g i n of the structure 
has also been suggested by Evans et a l preference 4.4J . Only those 
incident momenta where Z(1385) overlap occurs below the upper kinematic 
boundary of the D a l i t z p l o t were explored jo.690 to 0.830 GeV/c^] . 
No convincing evidence i s presented that the momentum dependence of the 
observed structure i s consistent w i t h an interference e f f e c t . 
2 + -
That the high m (TT IT ) enhancement i s independent of incident 
momentum,is strong evidence t h a t i t i s not the consequence o f an i n t e r -
ference e f f e c t . Equation 3.3 indicates t h a t coherent production of 
Z (1385) and Z (1385) isobars w i l l lead to an enhanced (or depleted) density 
of the Da l i t z p l o t i n the v i c i n i t y of the kinematic overlap. This would 
r e s u l t i n a movement of the structure from the lowest accessible TTTT masses 
at 0.500 GeV/c to the highest TTTT masses at 0.850 GeV/c. No such e f f e c t i s 
observed, the enhancement i s independent o f the p o s i t i o n of I(1385)overlap. 
Throughout the rest of t h i s t h e s i s , i t w i l l be assumed t h a t f i n a l 
state isobars are produced incoherently. Production of f i n a l s tate TTTT 
isobars w i l l be considered i n Chapter 5 as the possible o r i g i n of the high 
TT+TT mass enhancement. 
4.5 CONSEQUENCES OF PURE INCOHERENT 1(1385) PRODUCTION 
A purely q u a l i t a t i v e description of the r o l e of £(1385) production 
i n determining the features o f the D a l i t z p l o t was given i n sections 4.3 
and 4.4. I n order to establish a q u a n t i t a t i v e appreciation o f the 
magnitude of non-Z(1385) e f f e c t s , namely TTTT isobar formation, t h i s section 
w i l l be devoted to a description o f an attempt to account f o r the quasi 
two-body variables of the ATT+TT f i n a l s tate allowing only incoherent a d d i t i o n 
of TTZ(1385) channels. This study was undertaken using the program EXTRA 
described i n Chapter 3 C 
Table 4.2 gives the masses and widths used f o r Z +(1385) and Z~(1385) 
states. These are taken from reference 4 05 and were obtained by f i t t i n g a 
State Mass Width 
(GeV/c 2) 2 (GeV/c 2) 2 
Z + (1385) 
• 
1,3822 + 0 „0004 0 . 0 3 7 5 + 0o0021 
I." (1385) 1 .3883 + 0 .0004 
1 
i 
0 . 0 4 4 0 + 0 . 0 0 2 0 
! 
TABLE 4.2 Masses and Widths o f the £ (1385) 
(Taken from reference 4 . 5 ) 
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polynomial background plus Breit-Wigner form to the m (A IT ) and m ( Air ) 
d i s t r i b u t i o n s . I n determining the convergence of channel f r a c t i o n i t e r a t i o n , 
the f o l l o w i n g c r i t e r i a has been used :-
N P R S 
, 2 
^Lf ( a j" a3 ) * 0.0001 (4.8) 
j = l 
This implies residues between successive f r a c t i o n i t e r a t i o n s of less than 
2%. S t a b i l i t y of c o e f f i c i e n t s has been found to occur to b e t t e r than 5% 
a f t e r three i t e r a t i o n s . 
Once ex t r a c t i o n o f channel f r a c t i o n s and c o e f f i c i e n t s i s complete, 
EXTRA generates a set of events uniformly i n a set of f i v e independent 
quasi-two-body variables. Each such event was weighted according to the 
available three body phase space and each f i t t e d channel p r o b a b i l i t y cu_. 
( see section 3.5). The weighted numbers of generated events were then 
normalized to the corrected event sample and comparison of d i s t r i b u t i o n s 
of the quasi two-body variables performed. As a measure of goodness of 
2 
f i t , a x value was calculated f o r each histogran b i n f i t t e d . 
Figure 4.7 shows the d i s t r i b u t i o n s o f quasi-two-body variables f o r 
events i n the momentum b i n centred on 0.830 GeV/c. The curves represent 
the r e s u l t s o f Monte-Carlo i n t e g r a t i o n , described above, f o r channel 
f r a c t i o n s and c o e f f i c i e n t s obtained with incoherent addition of TT+Z~ (1385) 
and ir Z + ( 1 3 8 5 ) p r c > c t : s s e s . As ant i c i p a t e d , no account i s given f o r the fo l l o w -
ing features :-
2 + -
( i ) The high m (TT IF ) enhancement. 
( i i ) Peaking at cosO = -1 and cosO = +1 i n the cosG 
d i s t r i b u t i o n f o r ATT and Air + systems respectively. 
Good account i s given of other q u a n t i t i e s and the f i t t e d £"(1385/ 
£^(1385) r a t i o i s found to be 1.22. 
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4.6 CONCLUSIONS 
Da l i t z p l o t s are seen t o be dominated by Z +(1385) and Z (1385) 
production at a l l in c i d e n t momenta between 0.720 and 0.860 GeV/c. I n 
addition,structure i s seen i n the dipion mass spectrum. This e f f e c t i s 
most prominent at 0.540 GeV/c, where Z(1385) production does not seem t o 
be an important feature i n the D a l i t z p l o t . Kinematic arguments r u l e 
out Z +(1385)/ Z (1385) interference e f f e c t s as the o r i g i n of a persi s t e n t 
high TT+TT mass st r u c t u r e . I n the next chapter TTIT isobar formation w i l l be 
invoked to give a s a t i s f a c t o r y description o f the D a l i t z p l o t density. 
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CHAPTER 5 
5.1 INTRODUCTION 
I n the previous chapter, interference e f f e c t s were e l l i m i n a t e d 
as the o r i g i n of an enhancement observed i n the TT+TT e f f e c t i v e mass f o r 
the TT+7T A f i n a l s t a t e . This chapter w i l l be devoted t o an in v e s t i g a t i o n 
of the o r i g i n s of the e f f e c t as a f i n a l state * r r + Tr i n t e r a c t i o n . 
5.2 GENERAL CONSIDERATIONS OF HIT PHENOMENOLOGY 
Prior to invoking any det a i l e d description of the dynamics present 
i n the TT+TF system produced i n the reaction k p -»-ATT+7T , the use of simple 
quantum mechanical arguments can r e s t r i c t the possible f i n a l state i n t e r -
actions . 
I n terms o f isospin, the TT+TT system contains 1 = 2, 1 = 1 and 
1 = 0 components. However, i f one r e c a l l s t h a t the i n i t i a l k p system 
contains only 1 = 1 and I = O components (see section 1.4), then isospin 
conservationgives the un-normalised wave function o f the Tr +Tr system, i n the 
isospin basis, as :-
+ - / 
7T TF > = / l , o > + / j 0, 0 > (5.1) 
Bose s t a t i s t i c s demand th a t the wavefunction should be t o t a l l y symmetric. 
Since the i s o t r i p l e t wavefunction i s antisymmetric w i t h respect t o the 
interchange of p a r t i c l e l a b e l s , the corresponding s p a t i a l wavefunction must 
also be antisymmetric to give t o t a l symmetry o f the TT+TT wavefunction. 
S i m i l a r l y , the i s o s i n g l e t wavefunction i s symmetric and requires a symmetric 
space wave function „ The t o t a l p a r t i c l e spin o f the TT+TT system i s zero and 
the imposition of Bose s t a t i s t i c s give the fo l l o w i n g r e l a t i o n s h i p s between 
t o t a l angular momentum (J) and isospin ( I ) 
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I = O : J = O, 2, 4 e t c . with even p a r i t y 
I = 1 : J = 1, 3, 5 e t c . with odd pa r i t y 
The even p a r i t y I = J = O system w i l l be designated by 1e' and 
the odd pa r i t y I - J = 1 system by 'pf ; these do not nec e s s a r i l y imply 
resonant systems. 
Watson has proposed jjj^f* 5.1~] an ansatz which may be used to 
represent f i n a l s t a t e i n t e r a t i o n s for two p a r t i c l e systems produced i n 
three body hadronic f i n a l s t a t e s . I f the TTTT system r e c o i l s against the A 
with momentum p i n the o v e r a l l centre of mass, then the Watson amplitude 
i s given i n terms of the IT+7T phase s h i f t 6 1 (q) by 
J 
L P 
-—- s i n 
J + 1 
(q) exp 
q 
_ L 
i (q) (5.2) 
where L i s the (TT+TT )A r e l a t i v e o r b i t a l angular momentum and q i s the 
momentum of each pion i n the TT+TT r e s t system. Both p and q are measured 
i n pion mass u n i t s . For an incoherently produced TT+TT system the contribu-
tion to the D a l i t z p l o t i n t e n s i t y i s proportional to, 
2L 
2 j + 2 s i n (q) (5.3) 
Kinematically, the quantities p and q may be expressed i n terms 
of the dipion e f f e c t i v e mass m(Tnr) , together with the TT and A r e s t masses 
(Vi and nu ) :~ 
2 2 (s - (mA + m(TTTT) ) ) (s - (m A-m (7 r i r ) ) ) 
4s \i' 
(5.4) 
2 2 2 (m (TTTT) - 4\i ) (5.5) 
4u* 
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where /"IT i s the t o t a l c e n t r e o f mass energy o f t h e (TTTT) A 
system. Hence, p i s a monotonically decreasing f u n c t i o n o f m(inr) and q 
i s a mon o t o n i c a l l y i n c r e a s i n g f u n c t i o n o f m(irir) • The combined b a r r i e r 
f~ 2 l 2J+2 
f a c t o r p /q leads one t o expect an enhancement i n t h e TTTT 
mass spectrum near t h r e s h o l d where m(irir) = 2y . To o b t a i n an enhancement near the top o f a v a i l a b l e phase space, where m(irir) = / s - mA , 
2 I | 2J+2 s i n 6 j (q) J must r i s e f a s t e r than q 
Angular momentum and p a r i t y c o n servation g i v e t h e allowed s-
channel p a r t i a l wave amplitudes f o r 1 e* and ' p' p r o d u c t i o n , i n the 
L L I ( 2 J ) n o t a t i o n 
( i ) For 1e* A 
SP01 PS01 PD03 e t c . 
( i i ) For 'p* A 
SD11 PP11 PP13 PF13 e t c . 
Published values o f the phase s h i f t s f o r i s o s c a l a r and i s o v e c t o r 
[see Refs. 5.2, 5.3 and 5.4 J TTTT dynamics | | i n d i c a t e t h a t 6° > > ^ | 
2 
i n t h e r e g i o n f o r which m(irir) < 0.650 GeV/c . I n f a c t , a t m(irir) = 0.50O 
2 
GeV/c , which i s above t h e h i g h e s t d i p i o n e f f e c t i v e mass acc e s s i b l e i n 
t h i s experiment, 
6° 
o 
= 30° ^1978 P.D.G. Tables reference 5.5 J 
I f b o t h 'p 1 A and 'e 1 A systems are produced i n r e l a t i v e s-waves 
T | 2 1 s i n 2 &[ 
T q s i n 6 e 1
Viewed phenomenologically, the small value o f $^ i s a consequence o f t h e 
i s o v e c t o r mr system being described e n t i r e l y by p(770) f o r m a t i o n w i t h a 
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2 w i d t h of0.150 GeV/c , ( the low energy t a i l o f t h i s e f f e c t being i n -
s i g n i f i c a n t a t 0.500 GeV/c ) . A t h i g h e r i n c i d e n t momenta j ^ r e f . 5.6J , 
the p r o d u c t i o n o f p(770) i s r e q u i r e d t o account f o r s t r u c t u r e i n the 
I T + T T e f f e c t i v e mass d i s t r i b u t i o n . 
F u r t h e r evidence f o r the i s o s c a l a r nature o f dynamics i n the 
7T+TT system comes from c o n s i d e r a t i o n o f t h e r e a c t i o n k° p -*-ATT+TT° . Data 
L 
concerning t h i s r e a c t i o n has been made a v a i l a b l e by W.Cameron and i s 
pu b l i s h e d i n reference 5.7. The i n c i d e n t momentum range covered i s 0.480 
to 0.790 GeV/c, which i n c l u d e s the r e g i o n where kinematic o v e r l a p 
between £+(1385) and I (1385) bands occurs i n s i d e 'he kinematic boundary o f t h e 
D a l i t z p l o t . Figure 5.1 shows the ATT +/A7T ° D a l i t z p l o t and Figure 5.2 
2 + o 
shows the m (TT IT ) d i s t r i b u t i o n f o r events i n the 0.740 t o 0.750 GeV/c 
i n t e r v a l . Clear I + ( 1 3 8 5 ) and Z (1385) p r o d u c t i o n i s seen, but no s t r u c t u r e 
i s e v i d e n t i n the TT +TT° e f f e c t i v e mass d i s t r i b u t i o n . Since t h e Tr+ir° system 
produced i n t h e r e a c t i o n k° p •> ATT +TT° i s pure i s o v e c t o r i n n a t u r e , t h e 
absence o f any s t r u c t u r e i n d i c a t e s t h a t TTTT P-wave systems are not produced; 
the obvious candidate f o r such an e f f e c t being t h e p(770) v e c t o r meson. 
The dynamics o f t h e T T + I T system produced i n t h e r e a c t i o n k""p -*-Air+Tr" 
must t h e r e f o r e be i s o s c a l a r i n o r i g i n . 
Figure 5.3 shows a f i t performed using program EXTRA t o t h e quasi 
two-body v a r i a b l e s m^(TT+TT°), m2(Air°) and m^(Air +) f o r t h e ATT +TT° f i n a l s t a t e . 
2 
Agreement found i s reasonable, the value o f x found by n o r m a l i z i n g t h e 
p r e d i c t i o n s o f Monte-Carlo i n t e g r a t i o n f o r t h e f i n a l f i t t e d parameters t o t h e 
data sample are : 
2 + 2 
m (Air ) : x = 6 4 f o r 2 6 histogram b i n s 
2 o 2 
m (Air ) : x = 76.37 f o r 40 histogram b i n s 
m2(Tr+TT°) : x 2 = 75.86 f o r 40 histogram b i n s 
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5 . 3 PARAMETERS OF THE 'e 1 CONTRIBUTION 
Having found evidence t h a t t h e f i n a l s t a t e dynamics i n the TT +TT 
system i s s u b s t a n t i a l l y isoscalar i n n a t u r e , a p a r a m a t r i z a t i o n o f t h i s 
e f f e c t i s r e q u i r e d t o account f o r the quasi two-body v a r i a b l e s o f the 
A IT + T T f i n a l s t a t e . A phenomenological framework which permits comparison 
w i t h p r e v i o u s l y p u b l i s h e d work i s t h e e f f e c t i v e range approximation. This 
I 
a l l ows the phase s h i f t s 6 (q) appearing i n the Watson amplitude t o c o n t a i n 
a dependence on m ( TT"*~TT ) : 
2J + 1 
q cot K ) a o 
I r + i r q 2 < 5 - 7 ) 
o 
The i s o s c a l a r s c a t t e r i n g l e n g t h a Q i s measured i n u n i t s o f i n v e r s e 
- 1 o p i o n mass, u . A more g e n e r a l l y v a l i d expression f o r 6 Q i s given by t h e 
Taylor expansion 
6 ° = a° q + b° q 3 + ( 5 . 8 ) 
o o o 
The phase s h i f t s paramatrized i n t h i s way, togethe r w i t h t h e Watson 
amplitude f o r an s-wave 'e 'A system, have been used t o account f o r t h e 
IT IT e f f e c t i v e mass s t r u c t u r e . Breit-Wigner forms have been used t o 
+ - + -
describe Z ( 1 3 8 5 ) and I ( 1 3 8 5 ) p r o d u c t i o n i n Air and ATT e f f e c t i v e masses 
Th e c o n t r i b u t i o n s o f £ ( 1 3 8 5 ) p r o d u c t i o n t o t h e i r V " e f f e c t i v e mass 
d i s t r i b u t i o n have been determined by i n t e g r a t i n g these Breit-Wigner f u n c t i o n s 
2 + 2 
over t he k i n e m a t i c a l l y a c cessible ranges o f m (A TT ) and m ( ATT ) f o r each 
m 2(TT + T r ) b i n . I t was shown i n s e c t i o n 4 . 2 t h a t t h e a v a i l a b l e TT +TT~ phase 
space grows r a p i d l y over the i n c i d e n t momentum range o f t h i s experiment. 
To take account o f t h i s f a c t i n the f i t t i n g procedure, t he i n t e g r a t i o n o f 
£ ( 1 3 8 5 ) c o n t r i b u t i o n s over a v a i l a b l e ATT phase space has been performed 
a t each i n c i d e n t momentum represented by t h e data and t h e Watson amplitude 
has been used t o weight the d i s t r i b u t i o n o f Lorentz i n v a r i a n t phase space 
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f o r the TT+TT"* system. 
A minimum chi-squared method has been used t o f i t t h e c o r r e c t e d 
2 + -
number o f events i n each m (7T TT ) b i n . The f r e e parameters were the 
t o t a l f r a c t i o n o f £(1385) p r o d u c t i o n present, the f r a c t i o n o f 1e' 
c o n t r i b u t i o n and the phase s h i f t constants a° and b° . For t h e f i n a l f i t 
o o 
2 
the minimum value o f x w a s found t o be 33.7 f o r f o u r f r e e parameters 
32 f i t t e d m^(*rr+Tr ) b i n s . The value o f a° was found t o be c o n s i s t e n t 
o 
w i t h zero [ 0.0 + 0.04] w h i l s t b° was found t o be 0.10 +_ 0.04. 
Figure 5.4 shows the r e s u l t o f the f i n a l f i t t o the data. Terms i n the 
polynomial expansion f o r 6(q) (equation 5.8) o f order g r e a t e r than 3 were 
not used since t h e i r i n c l u s i o n d i d not appreciablyimprove t h e q u a l i t y o f 
the f i t t o the data* 
5.4 DISCUSSION OF TTTT INTERACTIONS 
I n t he previous s e c t i o n , t h e s c a t t e r i n g l e n g t h associated w i t h 
i s o s c a l a r TTTT f i n a l s t a t e i n t e r a c t i o n s was shown t o be c o n s i s t e n t w i t h zero. 
This s e c t i o n w i l l be devoted t o a d i s c u s s i o n o f t h i s statement concerning 
the nature o f the low energy TT +TT system. 
Previous s t u d i e s o f TTTT systems have been based mainly on data 
from two sources :-
( i ) The k^ decay modes o f the k mesons 
k* ->• e +v T T + TT (5.9) 
k~ -> e~Ve T T + TT (5.10) 
The kinematics o f these processes d i c t a t e s t h e range o f TTTT masses s t u d i e d 
2 
t o be c o n f i n e d t o the t h r e s h o l d r e g i o n 0.280< m(TTTT) < 0.400 GeV/c . 
E x t r a c t i o n o f TTTT phase s h i f t s r e q u i r e s t h e weak i n t e r a c t i o n e f f e c t s o f t h e 
V q v e r t e x [see Fig.5.5 J t o be f a c t o r e d using t h e known V-A nature o f 
the charged weak c u r r e n t . When t h i s has been performed,the o n l y remaining 
f i n a l s t a t e dynamics are t h e s t r o n g i n t e r a c t i o n s o f t h e TTTT system. An 
e 
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example o f such a study i s presented by Zylbersteyn e t a l i n r e f e r e n c e 5.8. 
( i i ) One p i o n exchange processes explore regions o f h i g h e r d i p i o n 
e f f e c t i v e mass. Grayer e t a l preference 5,9 J , f o r example, have s t u d i e d 
the Tr+Tr system produced p e r i p h e r a l l y i n the r e a c t i o n TT p ->-rr+7r n a t 
17 GeV/c i n c i d e n t momentum. The method used t o e x t r a c t TTTT phase s h i f t 
i n v o l v e s e x t r a p o l a t i o n o f the momentum t r a n s f e r , - t , t o the p i o n mass p o l e 
and p a r a m a t r i z i n g the angular d i s t r i b u t i o n f o r decay o f the TTTT system by 
expansions o f s p h e r i c a l harmonics. P a r t i a l wave expansions are then used 
to r e l a t e amplitudes, expressed i n terms o f phase s h i f t s by t h e Watson 
ansatz, t o e x p e r i m e n t a l l y determined moments o f t h e s p h e r i c a l harmonics. 
A n a l y s i s o f the phase s h i f t s o b t a i n e d from these experiments 
i n d i c a t e s t h a t I = J = 1 dynamics i s explained e n t i r e l y by p(770) f o r m a t i o n 
w i t h a s c a t t e r i n g l e n g t h a^ = 0.039 £ see e.g. Pennington,reference 5.2 J . 
Ihe s i t u a t i o n f o r the I = J = 0 i s more complicated. Figure 5.6 shows 
c o m p i l a t i o n o f TTTT i s o s c a l a r phase s h i f t s given i n t h e 1978 P a r t i c l e Data 
Group Tables £ reference 5.5 J . Data below 0.4 GeV/c2 comes from k^ 
2 
decay s t u d i e s and the data from above 0.5 GeV/c comes from one p i o n exchange 
2 = 2 
processes. A gap e x i s t s i n the data between 0.4 GeV/c and 0.5 GeV/c . 
The curves represent f i t s t o the phase s h i f t s by Basdevant |Tsee r e f e r e n c e 5.3 
using f i x e d - t d i s p e r s i o n r e l a t i o n s . Near t h r e s h o l d , the s o l u t i o n s f a l l i n t o 
two c a t e g o r i e s , the *up' and 'down' s o l u t i o n s which are i l l u s t r a t e d i n 
Figure 5.7. 'Up' s o l u t i o n s are t y p i f i e d by s c a t t e r i n g l e n g t h s i n the r e g i o n 
o f 0.2, the'down'solutions have s c a t t e r i n g lengths c l o s e t o zero. W h i l s t 
2 
the data above 0.5 GeV/c are compatible w i t h s c a t t e r i n g lengths i n the range o e -0.06 < a < 0.58, which accommodates 'up 1 and 'down' s t r u c t u r e , t he k o 4 
data o f Z y l b e r s t e y n are o n l y compatible w i t h 'up' s o l u t i o n s . 
Phase s h i f t s expected from the values o f a° and b° quoted i n the 
o o 
previo u s s e c t i o n are shown i n Figure 5.8 and represent a 'down* type 
s o l u t i o n . 
F i t s to the I=J-0 TTTT phase s h i f t data by Basdevant 
Figure 5.6 
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I n figures 5.6,5.6b and 5.6c, the f i t s l a b e l l e d by l ) v 2) and 3) have the 
following values of a° 
1) -a° = -0.06 
2) a£ = 0.16 
3) a£ = 0.58 
Figure 5.6a i s taken from the 1978 P a r t i c l e Data Group Tables, figures 5.6b 
and 5.6c are taken from Basdevant (reference 5.3). The data shown i n figure 
5.6b i s that of Baton et a l (phys. L e t t s 33B(1970)525), the data shown i n 
figure 5.6c i s that of Zylbersteyn (reference 5.8). 
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S i m i l a r c o n c l u s i o n s have been reached by Jones e t a l 
preference 5.lO~J concerning the nature of f i n a l s t a t e TTTT i n t e r a c t i o n s i n 
the r e a c t i o n TT p-*- T T + T T n a t 0 . 4 1 5 GeV/c i n c i d e n t momentum. As such t h i s 
r e a c t i o n i s analogous to the r e a c t i o n k N -•A T T T T, being dominated by the 
formation of TTA(1236) i s o b a r s , the A ( 1 2 3 c ) having J P = 3 / 2 + 0 No 
s i g n i f i c a n t s t r u c t u r e i s seen i n the TT I T 0 e f f e c t i v e mass f o r the r e a c t i o n 
TT p -*TT TT° p and the high T T + T T mass enhancement seen i n the T T + T T n f i n a l 
s t a t e i s deduced to be i s o s c a l a r i n o r i g i n . S c a t t e r i n g l e n g t h s i n the 
ranqe - 0 . 0 6 < a° < 0 . 0 3 , which r e p r e s e n t down type s o l u t i o n s , a r e quoted. 
o 
Both Arndt e t a l p r e f e r e n c e 5 . 11J and the SLAC-L.B 0L. i s o b a r a n a l y s e s 
I r e f e r e n c e 5 .12 J of the T T N • * TTTTN r e a c t i o n s agree t h a t eN production 
i s important near t h r e s h o l d , the dominant s-channel p a r t i a l wave amplitude 
being the PS11 . 
I t t h e r e f o r e seems evident t h a t the T T + T T systems produced i n the 
r e a c t i o n s k p •+ A T T + T T and TT p •> T T + T T n are dominated by v e r y s i m i l a r i s o -
s c a l a r f i n a l s t a t e i n t e r a c t i o n s , which a r e non-resonant, i n the Tr +Tr 
system. The treatment of f i n a l s t a t e i n t e r a c t i o n s u s i n g the Watson ampli-
tudes r e q u i r e s t h a t they be narrow and resonant i n nature. S i n c e t h i s 
i s c l e a r l y not the c a s e f o r the 1 e' TTTT s-wave, there i s no v a l i d i t y i n 
assuming t h a t the d e s c r i p t i o n found f o r TTTT phase s h i f t s should be i d e n t i c a l 
w i th those from k^ and one pion exchange p r o c e s s e s . However, the o r i g i n o f 
the 1 e ' e f f e c t i s not the primary o b j e c t i v e of t h i s t h e s i s , the p a r a -
ma t r i z a t i o n s w i l l be used to g i v e complete account of q u a s i two-body 
v a r i a b l e s f o r the A T T + T T f i n a l s t a t e and e x t r a c t TT £ (1385) c o n t r i b u t i o n s . 
5 .5 FORMULATION OF THE *£* EFFECT IN TERMS OF QUASI-TWO BODY VARIABLES 
I n order to e x t r a c t the T T + £ ( 1 3 8 5 ) , T T ~ £ + (1385) and 'e' A q u a s i 
two-body f i n a l s t a t e s from the r e a c t i o n k p -WITT TT , the p a r a m a t r i z a t i o n of 
i s o s c a l a r T T + T T dynamics must be i n c o r p o r a t e d i n t o the d e n s i t y f u n c t i o n 
F( x ) given by equation 3 . 2 3 . T h i s i s d e f i n e d as a sum of channel d e n s i t y 
6 2 
functions for each contributing quasi two-body process :-
F(x) = \ ' a (x) (5.11) E 
j = l 
->- 1 2 * where f.(x) = — B(m. ) W(0,<j>,O ) (5.12) D Z. D 
2 
For the 7T E ( 1 3 8 5 ) processes, B(m_.") i s a Breit-Wigner of the ATT e f f e c t i v e 
* 
masses and W(0,(j>,0 ) i s a j o i n t angular d i s t r i b u t i o n for production and 
-> 
decay of the £ ( 1 3 8 5 ) quasi two-body system. To modify f^(x) to describe 
•e' production, given i n terms of the Watson amplitude, the following 
features are noted 
( i ) The ' e 1 decay angular d i s t r i b u t i o n i s i s o t r o p i c 
WO,*) = ^ (5,13) 
( i i ) Since only s-wave ' c' A f i n a l states were included i n the 
Watson amplitude which was f i t t e d to the TT+TT e f f e c t i v e mass d i s t r i b u t i o n , 
the only admissible s-channel p a r t i a l wave amplitude i s PS01. I f the 
production angular d i s t r i b u t i o n i s paramatrized by :-
da 2 X — * * HH. =2TTA > A P (cosG ) ( 5 . 1 4 ) dft / ^ I i 
9-o 
Equation 3 . 9 leads one to expect an i s o t r o p i c angular d i s t r i b u t i o n for 
production of the *r. ' system and only Ao i s non-vanishing. 
2 
( i i i ) The Breit-Wigner function B < m j ) must be replaced by the 
6 3 
Watson amplitude 
s i n [ «S « ] ( 5 . 1 5 ) 
subject to the correct normalization, 
The complete channel density function can now be written 
2 
. * _ . . 1 1 
f 
 1
(m(7T1T ) , COS0 ,0,<f>) - — • -7-
TTTT Z 4TT 
( 5 . 1 6 ) 
and the normalization condition 
1 = fTTTT (X) d p H ( 5 . 1 7 ) 
gives 
Z = dm (7TiT ) P 
4/s 4m ( TTTT) 
( 5 . 1 8 ) 
4 \i2 
5 . 6 RESULTS OF QUASI-TWO BODY ANALYSIS 
The D a l i t z plot density was r e f i t t e d including the 1 e 1 e f f e c t 
using program EXTRA. Free parameters used were the f r a c t i o n of 1 e 1 A, 
TV + E~ ( 1 3 8 5 ) and TT £ + ( 1 3 8 5 ) channels present and the c o e f f i c i e n t s A , B 
C and D for the TTZ ( 1 3 8 5 ) production angular d i s t r i b u t i o n s . To decide 
the maximum order f o i Z i n equation 3 . 1 8 , f i t s were attempted with 
various values of cut-offs u n t i l the highest c o e f f i c i e n t was found to be 
consistent with zero for TT +Z ( 1 3 8 5 ) and 7T £ + ( 1 3 8 5 ) channels at a l l energies. 
The maximum order of expansion chosen was 5 . 
Figure 5 . 9 shows the r e f i t t e d set of quasi two-body v a r i a b l e s for 
events i n the 0 . 8 2 0 to 0 . 8 4 0 GeV/c incident momentum bin. Two features are 
evident on comparison with the previous f i t to the data,which does not contain 
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( i ) A good acount of the *rr+7r system e f f e c t i v e mass i s given. 
2 
The previous f i t to the data had a x value of 6 9 . 5 for 2 8 histogram bins 
f i t t e d w h i l s t i n c l u s i o n of the e e f f e c t reduced t h i s value to 4 0 * 1 * 
( i i ) The peaking of cos0 d i s t r i b u t i o n for the ATT system at 
- 1 . 0 and the Air +system at + 1 . 0 are now well described. The improvements 
i n f i t t e d q u a n t i t i e s are summarized i n Table 5 . 1 . 
The s t a b i l i t y of the A, B, C and D c o e f f i c i e n t s to the form taken 
for the i s o s c a l a r TT+7T~ dynamics has been investigated by comparing the 
r e s u l t s with and without the in c l u s i o n of the e e f f e c t . Table 5 . 2 gives 
the values of the c o e f f i c i e n t s obtained for the n + E ( 1 3 8 5 ) f i n a l s t a t e 
i n the 0 . 8 4 0 to 0 . 8 6 0 GeV/c incident momentum bin. C l e a r l y , the two sets 
of c o e f f i c i e n t s agree well within the errors of determination. 
Values of the A, B, C and D c o e f f i c i e n t s found, together with the 
errors of determination are given i n Table 5 . 3 for TTZ ( 1 3 8 5 ) channels. 
Correlations e x i s t between the errors i n determination for the c o e f f i c i e n t s 
and the channel f r a c t i o n s . E r r o r s i n c o e f f i c i e n t s are calculated assuming 
that the channel fractions are known exactly ; t h i s i s c l e a r l y not the 
case. B. Franek has performed Monte-Carlo investigations which indicate 
that the c o e f f i c i e n t errors from EXTRA need to be scaled by a factor of 
1 . 5 [ref. 5 . 1 3 J • The features of t h i s data for the TTE ( 1 3 8 5 ) channels 
w i l l be discussed i n the next chapter. 
Fractions of the various channels extracted from the TTA f i n a l 
s t a t e , together with the cross-section for the reaction k p ->TT+T A , 
as a function of momentum are given i n Table 5 . 4 « The f r a c t i o n of ' e ' A 
present grows throughout the momentum i n t e r v a l and accounts for between 
10% and 20% of the D a l i t z plot density. T.S«T. data a v a i l a b l e i n the 
0 . 5 0 0 to 0 . 5 8 0 GeV/c range has also been analysed i n terms of quasi two-
body v a r i a b l e s . Results of an extraction of TTE ( 1 3 8 5 ) and e A channels 
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A l A 2 A 3 A 4 
With e - .084 - .467 .321 0.028 
Without e - .102 - .444 .304 0.054 
Error +0.06 + .220 + .100 + O.llO 
B 2 B 3 B4 
With e -.144 -0.056 0.250 - 0.184 
Without e -.145 -0.032 0.219 - 0.139 
Err o r +0.037 +0.051 +0.063 + 0.073 
— 
c i C 2 C 3 C 4 
With e .194 -0.0176 -0.075 -0.007 
Without e .181 -0.0210 -0.066 -0.007 
Error +O.03 +0.019 +0.016 +O.014 
D2 °3 D4 
With e 0.029 -0.003 0.003 
Without e 0.018 0.002 0.004 
Err o r +0.012 +0.006 +0.004 
TABLE 5.2 : E f f e c t on c o e f f i c i e n t s of e A contribution 
INCIDENT 
MOMENTUM AO A 1 / AO A 2 ' A 0 A 3 / A 0 A4 / AO M /AO 
0 . 7 3 0 0 
• / 
0 
- 0 
7 7 8 0 
0380 • / - 0 
. 3 9 2 6 
. 1 5 3 0 • / - 0 
3 2 0 7 
1905 • / - 0 
09 0 1 
22 1 6 • / - 0 
35 14 
26 7 9 • / 
0 . 
- 0 . 
2 9 0 0 
298 2 
0 . 7 5 0 0 
• / 
0 
-0 . 
6917 
0 2 2 0 • / 
0 
- 0 
. 6 6 8 8 
.0 8 95 • / -0 
1615 
1257 • / - 0 
. 1 8 3 9 
. 1537 • / -0 
0 180 
1 745 • / 
0 . 
- 0 . 
4694 
1899 
0 . 7 700 
• / 
0 
-0 
7 58 8 
0 2 4 0 • / 
0 
- 0 
. 5 0 2 2 
08 5 9 • / - 0 
3162 
1135 • / 
0 
- 0 
. 0 7 7 1 
. 1350 • / - 0 
1882 
1556 • / 
0 . 
-0 . 
1237 
1758 
0 . 7 9 0 0 
• / 
0 
-0 
8 0 78 
0 3 0 0 • / 
0 
- 0 
.3 8 75 
. 0 8 9 2 • / - 0 
3 0 46 
1 173 • / 
0 
-0 
. 2 1 0 6 
. 1 3 7 4 • / - 0 
1320 
1600 • / 
0 . 
- 0 . 
0 111 
1803 
0 . 8 100 
» / 
0 
-0 
8672 
03 4 0 • / 
0 
-0 
. 0 5 6 7 
. 0 9 2 9 • / - 0 
4 0 5 8 
1188 • / 
0 
-0 
. 1 3 7 3 
. 1 4 5 8 • / - 0 
1 368 
1598 • / 
0 
- 0 
2122 
1824 
0 . 8 3 0 0 
• / 
0 
-0 
8334 
0300 » / -0 
. 1 1 4 6 
. 0 9 6 3 • / -0 
2998 
1249 • / 
0 
- 0 
. 5 0 2 4 
. 1440 • / - 0 
1375 
1685 • / - o . 
1534 
18 12 
0 . 8 5 0 0 
• / 
0 
- 0 
8383 
0 3 30 • / -0 
. 0 8 4 2 
.0 945 • / - 0 
4668 
1267 • / 
0 
- 0 
. 3 2 1 1 
. 1553 • / 
0 
-0 
0 2 86 
1780 • / - 0 . 
0 7 97 
187 1 
0 . 8 7 0 0 
• / 
0 
-0 
85 8 1 
0 6 25 • / - 0 
. 254 4 
. 0 9 1 2 - / - 0 
3258 
1150 • / 
0 
- 0 
. 1 8 7 3 
.13 14 • / - 0 
4 197 
157 1 • / 
0 
- 0 
126 1 
1755 
0 . 9 1 0 0 
• / 
1 
-0 
0 3 2 0 
0 4 64 • / 
0 
- 0 
.0 5 7 8 
. 0 5 5 1 • / -0 
1659 
0 7 0 5 • / 
0 
- 0 
.4 7 8 7 
.0 8 9 9 • / - 0 
17 16 
0 9 4 0 • / - 0 
0 4 7 8 
1058 
0 . 9 5 0 0 
• / 
1 
• 0 
1836 
0 28 2 • / -0 
. 0 0 1 3 
.0 2 7 1 • / - 0 
3 0 82 
03 5 3 • / 
0 
- 0 
.2 76 1 
. 0 4 1 7 • / - 0 
3 206 
0 4 7 5 • / -0 
0 4 8 9 
0 5 06 
0 . 9 6 0 0 
• / 
1 
-0 
0442 
0 48 1 • / - 0 
. 1056 
.0 80 7 • / -0 
148 1 
0 94 4 • / 
0 
- 0 
.38 9 0 
. 1222 • / - 0 
60 14 
1330 • / - 0 
0 94 2 
1468 
0 . 9 9 0 0 
• / 
1 
-0 
0519 
0 729 • / 
0 
- 0 
. 1 4 7 8 
. 0 798 • / -0 
3 8 88 
1032 • / 
0 
- 0 
. 2 1 8 5 
. 1 2 3 2 • / - 0 
4 135 
1440 • / - 0 
4 0 0 4 
1600 
1 . 0 0 5 0 
• / 
1 
-0 
1269 
0552 • / 
0 
- 0 
. 1387 
. 0 8 6 4 • / - 0 
0598 
1059 • / 
0 
- 0 
. 2 1 9 3 
. 1258 • / - 0 
38 16 
1423 • / -0 
1422 
1630 
1 . 0 4 5 0 
• / 
I 
- 0 
2313 
0486 • / 
0 
-0 
.3 065 
.0 7 4 2 • / 
0 
-0 
2995 
090 3 • / 
0 
- 0 
.4 25 1 
. 1 0 7 6 • / - 0 
3 0 0 5 
1250 • / - 0 
5 0 5 3 
1380 
1 . 0850 
• / 
1 
- 0 
2 0 06 
0503 » / 
0 
- 0 
. 5 5 2 4 
.0 7 6 2 • / 
0 
- 0 
. 3 1 0 2 
0930 * / 
0 
- 0 
. 2 2 1 8 
. 1 1 3 6 • / - 0 
4153 
1289 • / - 0 
0 7 3 5 
1422 
I . 1 2 5 0 
• / 
1 
- 0 
1687 
0464 * / 
0 
-0 
. 5 6 3 9 
.0 764 - / 
0 
-0 
. 3 6 1 7 
0 92 8 • / - 0 
.0 54 9 
. 1 1 1 5 • / - 0 
4 196 
. 1 2 4 4 • / -0 
1283 
1400 
1 . 1 6 5 0 
• / 
1 
- 0 
0 7 56 
04 18 • / 
0 
-0 
. 6 0 6 8 
. 0 7 1 8 • / 
0 
-0 
.2 4 05 
.0 8 8 4 • / 
0 
- 0 
. 1 0 0 2 
. 1 0 6 1 • / - 0 
4 186 
1207 • / -0 
4 0 05 
1343 
1 . 2 0 5 0 
• / 
1 
-0 
0 4 4 0 
0 4 23 • / 
0 
-0 
. 7663 
. 0 7 1 9 • / 
0 
- 0 
.25 96 
.0 895 • / - 0 
.25 29 
. 1 0 7 7 • / - 0 
4 45 4 
. 1 2 3 1 • / - 0 
2 76 8 
1344 
: . 2 4 5 0 
• / 
0 
-0 
95 76 
0 35 1 * / 
0 
- 0 
.7 35 3 
. 0692 • / 
0 
-0 
.27 3 9 
.0 8 3 5 • / - 0 
.0 4 3 7 
. 0 9 9 6 • / - 0 
.5 8 3 5 
. 1 1 3 7 • / - 0 
35 1 1 
1 259 
1 .2 8 5 0 
- / 
0 
-0 
8 7 3 3 
0310 • / 
0 
- 0 
.8 2 05 
. 0 6 9 5 • / 
0 
- 0 
. 29 7 7 
.0 8 4 4 • / - 0 
. 1 3 3 5 
. 1 0 4 0 • / - 0 
. 5 8 7 4 
. 1 1 6 8 • / - 0 
2 0 36 
1333 
1 . 3 2 0 0 
• / 
0 
- 0 
8543 
0 3 4 5 • / 
0 
- 0 
.8 2 0 0 
. 0 8 6 0 • / 
0 
-0 
7 5 3 8 
. 09 7 2 • / - 0 
.0 8 92 
. 1 1 4 7 • / • 0 
7 3 7 1 
1323 - 0 
36 8 3 
1511 
i . 355 0 
• / 
0 
- 0 
8648 
0 7 2 5 • / 
0 
- 0 
. 8 1 4 6 
. 2 1 8 4 • / 
1 
- 0 
3 8 0 8 
2 4 8 3 • / 
0 
-0 
.4 46 0 
. 2 8 9 1 • / - 0 
3 7 6 4 
3 2 56 • / - 0 
3 162 
3 5 7 2 
I . 4620 
• / 
0 
- 0 
78 8 9 
035 1 . / 
0 
-0 
. 6 8 8 1 
. 1 1 4 6 • / 
0 
- 0 
94 5 1 
1278 • / - 0 
.0 2 2 5 
. 1529 • / - 0 
6 5 8 2 
1797 • / - 0 
2 120 
20 17 
I . 5 1 4 0 
• / 
0 
•0 
62 48 
0 3 8 0 * / 
0 
- 0 
. 60 7 0 
. 1 5 6 1 • / 
0 
- 0 
76 8 8 
1750 • / 
0 
- 0 
2 139 
.2 0 86 • / - 0 
7 8 4 4 
2535 • / 
0 . 
- 0 . 
2 0 0 5 
29 15 
1 . 5 4 6 0 
• / 
0 
-0 
659 1 
0 3 5 1 • / 
0 
-0 
. 5 5 5 3 
. 1 3 9 4 • / 
1 
-0 
06 3 1 
1485 • / - 0 
0 6 2 4 
1743 • / - 0 
8 264 
2 109 • / - 0 . 
1791 
2 4 2 4 
1 . 6 0 6 0 
• / 
0 . 
• 0 . 
6638 
0 482 • / 
0 
-0 
6903 
2 0 00 • / 
1 
-0 
25 75 
242 4 • / 
0 
- 0 
7 7 8 8 
27 18 • / 
0 
- 0 
0 3 9 8 
3312 • / 
0 . 
-0 . 
56 1 1 
36 3 9 
1 . 6 5 3 0 
• / 
0 . 
-0 . 
5136 
02 7 9 • / 
0 
-0 
8463 
1543 • / 
1 
- 0 
2 119 
1819 • / 
0 
- 0 
7 3 75 
20 2 1 • / - 0 
2934 
2394 • / - 1 . 
1164 
2 7 6 4 
1 . ' 0 5 0 
• / 
0 . 
- 0 . 
4939 
0 3 46 • / 
0 
- 0 
5 7 0 4 
1968 • / 
0 
- 0 
9986 
2384 • / 
0 
- 0 
82 7 8 
2 7 3 9 • / - 0 
05 2 1 
3 2 7 4 • / -0 '. 
4 2 9 7 
3 5 4 8 
1 . 7 4 1 0 
• / 
0 . 
- 0 . 
4 3 26 
0 3 0 3 • / 
0 
- 0 
8 8 7 8 
2106 • / 
1 
-0 
3 12 1 
2612 • / 
0 
- 0 
97 8 3 
2 8 7 4 • / 
0 
-0 
0 3 3 2 
3 2 35 • / - 0 . 
2 2 7 8 
3 56 7 
: .8 0 0 0 
• / 
0 . 
- 0 . 
3 1 74 
0 295 • / 
0 
- 0 
93 1 2 
2 7 45 • / 
1 
-0 
3 128 
3 193 • / 
0 
-0 
929 0 
35 23 • / - 0 
4 108 
4 4 5 3 • / - 0 . 
7 9 3 6 
523 3 
1 . 5 4 3C 0 . 
- 0 . 
2 5 7 7 
0 2 4 9 » i 
0 
- 0 
5 4 7 0 
2963 • / 
1 . 
-0 
3 137 
3 7 92 • / 
0 
-0 
6 795 
44 13 * / 
0 
- 0 
4 2 3 1 
4 7 7 5 • / 
0 . 
- 0 . 
5 493 
54 11 
TABLE 5.3a; C o e f f i c i e n t data 
k~p -* TT+E~(1385) 
for the quasi-two body process 
INCIDENT 
MOMENTUM 
( G E V / C ) 
80 /AO B 1 / AO 82 /AO 83 /AO 84 / AO 8 5 / AO 
0 . 7 3 0 0 0 .2 3 20 0 . 0 1 2 6 . 3 5 6 1 . 06 3 5 0 .0 7 2 6 0 1029 
. / -0 . 0 5 6 6 • / - 0 .0 926 . / -0 . 1 1 2 9 • / - 0 . 1380 • / - 0 . 1 6 7 3 • / - 0 18 7 7 
0 . 7 5 0 0 0 . 2 2 4 5 0 . 0 9 4 0 .0 4 0 6 0 . 1 2 9 5 0 . 1 3 3 2 0 1532 
. / . 0 . 0 3 1 9 • / - 0 .0 5 7 9 . / - o .0 7 6 8 • / - 0 . 0 9 3 7 • / - 0 . 1 0 6 0 • / - 0 1158 
0 . 7 7 0 0 0 . 2 9 2 7 0 . 1 3 5 5 . 0 1 2 7 0 . 0 5 0 4 - . 1 4 2 0 0 1027 
. / . 0 .03 0 9 • / - 0 .05 5 4 . / . 0 .0 7 0 6 • / - 0 .08 4 6 • / - 0 . 0 9 6 8 • / - 0 1083 
0 . 7 9 0 0 0 .3 0 4 5 0 . 0 3 1 5 .2 0 0 9 0 . 1 0 4 8 - . 0 7 7 9 . 1385 
. / -0 .0 3 09 • / -0 . 0 5 3 4 . / -0 . 0 6 9 4 • / - 0 .0 8 2 9 • / - 0 . 095 2 • / - 0 1092 
0 . 8 1 0 0 0 . 2 6 0 6 . 0 4 8 3 . 1 3 4 9 . . 0 0 1 9 - .0 8 7 4 0 0 8 85 
. / -0 0 344 • / -0 . 0 5 5 6 .0 7 26 • / -0 . 0 8 7 9 • / - 0 . 0 9 5 8 • / - 0 1101 
0 . 8 3 0 0 0 1557 _ . 1 4 0 1 . 1432 0 . 2 9 0 4 .2 183 0 0228 
. / - o 0 3 5 3 • / -0 .0 5 8 7 . / - 0 .0 7 4 1 • / - 0 .0 8 7 2 • / - 0 . 1 0 0 6 • / -0 10 7 1 
0 . 8 5 0 0 0 . 1 7 4 6 m . 1 4 3 3 . 0 5 6 1 0 .25 2 8 » . 1 8 3 5 - 0 2 0 9 
w . 0 . 0 3 6 6 • / - 0 .05 7 6 . / - 0 .0 7 7 5 • / - 0 .0 9 4 5 • / - 0 . 1 0 9 3 • / - 0 1194 
o . e ' o o 0 23 7 2 m . 2 7 3 4 _ . 1 0 5 8 0 . 260 0 .08 8 3 . 1022 
. / -0 . 0 3 9 9 • / -0 .05 8 4 . / -0 .0 66 5 • / - 0 . 0 7 7 9 • / - 0 . 0 9 1 4 • / - 0 104 1 
:•. ? l o o 0 . 1897 . . 2 2 2 9 . 0 4 9 9 0 . 2 4 9 1 - . 1 9 1 2 0 0 18 7 
. / - 0 .0 2 22 • / -0 . 033 7 . / -o .0 4 0 3 • / - 0 . 0495 • / - 0 . 0 5 4 2 • / - 0 0596 
0 . 9500 0 . 2 3 5 9 . 2 0 9 1 .0 84 4 0 . 1466 . 0 ° 8 3 0 04 14 
. / - 0 . 0 1 2 6 • / - 0 . 0 1 7 3 . / - 0 .0 20 7 • / - 0 . 0 2 5 3 • / -0 .0 2 8 1 • / - 0 03 10 
0 . 9 6 0 0 0 . 2 6 4 2 „ . 1936 . 1 0 2 0 0 . 2 0 1 1 - .24 5 5 . 0 5 05 
. / -0 .0 2 86 • / -0 .0 4 80 . / -0 . 0 5 6 6 • / - 0 .0 7 5 7 • / - 0 .0 8 3 5 • / - 0 0 90 0 
0 . 9 9 0 0 0 . 2 3 1 3 . 2 5 0 9 _ . 20 7 4 0 . 1 9 4 3 .0 6 8 3 . 0394 
. / -0 .0 3 7 5 • / - 0 . 054 2 • / -0 . 0 6 3 5 • / -0 .0 7 85 • / - 0 .0 905 • / - 0 1052 
1 . 0 0 5 0 0 . 2 9 4 0 . 1623 . 2 1 1 4 0 . 0 8 4 7 . 1591 0 0 7 95 
- / - o .0 3 0 0 • / - 0 .0 52 9 • / - 0 .0 6 4 7 • / -0 .0 7 70 • / -0 .0 86 7 • / - 0 0 99 1 
1 . 0 4 5 0 0 . 2 5 1 9 .0 5 88 . 0 7 8 9 0 . 127 1 - .0 2 95 . 1680 
. / - 0 . 023 7 • / - 0 .04 4 8 w - o . 055 0 • / -0 . 0 6 6 1 • / - 0 . 0 7 5 5 • / - 0 0 8 3 7 
1 . 0 8 5 0 0 . 2 0 5 9 . 03 76 . 1758 0 . 0 1 7 6 0 .0 23 5 0 1876 
• / - 0 . 025 1 • / - 0 .04 7 3 . / - 0 . 0 5 6 1 • / -0 . 06 7 9 • / - 0 .0 7 7 3 • / - 0 0 8 4 3 
1 . 1 2 5 0 0 . 2 2 6 5 . 1 126 . 1 0 2 8 . . 0 5 6 0 0 .05 35 0 09 8 8 
. / - 0 . 0 2 5 3 • / - 0 .0 48 7 • / - 0 . 0 5 9 3 • / - 0 .0 7 0 2 • / - 0 .0 7 8 3 • / - 0 0 8 7 3 
1 . 1650 0 . 2 6 9 3 „ . 0 3 0 1 _ . 2 4 1 1 . 0 9 0 8 0 . 0 1 7 2 - 0 0 0 6 
. / -0 . 0 2 4 0 • / - 0 .0 45 2 . / - 0 .0 5 4 7 • / - 0 . 0 6 5 3 • / - 0 .0 7 4 6 * / - 0 0 83 3 
1 . 2 0 5 0 0 .2 7 26 0 . 0699 . 1 3 4 4 . 1 8 3 4 - . 05 7 2 - 1197 
. / -0 . 0 2 4 3 • / -0 . 0465 • / - 0 . 0 5 5 3 • / - 0 . 0 6 6 9 • / - 0 .0 7 7 0 • / - 0 0 8 3 4 
1 . 2 4 5 0 0 . 2 3 5 0 0 . 1028 . 1 0 4 7 . 1 1 4 2 - .0 8 4 7 - 13 18 
. / -0 . 0 2 3 1 • / - 0 .0 4 38 . / . 0 .05 0 4 • / -0 . 0 6 0 9 • / - 0 . 0 7 1 3 • / - 0 0 7 76 
1 . 2 8 5 0 0 . 2 3 0 1 0 . 1423 . 0 8 1 8 . 1354 . 1 3 0 4 - 0696 
. / -o .0 235 • / -0 . 0 4 3 4 . / -0 .0 5 0 5 • / - 0 . 06 19 • / -0 . 0 7 1 0 • / - 0 0 7 9 9 
1 . 3 2 0 0 0 . 2 2 3 6 0 . 094 8 .0 5 33 . .0 7 52 - . 1 6 7 7 106 0 . / -0 . 0 2 6 3 • / -0 .0 53 9 . / . 0 .06 0 3 • / - 0 .0 68 7 • / - 0 . 0 8 1 5 • / - 0 0913 
1 . 3 5 5 0 0 . 2 4 3 3 . 0 9 8 4 0 23 3 2 0 . 0 6 3 5 - . 3 0 7 7 1083 
. / -0 .0 5 8 1 • / - 0 . 1 3 3 4 . / . 0 . 1548 • / - 0 . 1 7 1 2 • / -0 . 1 9 2 7 • / - 0 2 132 
1 . 4 6 2 0 0 .2 9 75 0 .18 06 0 . 0 9 3 5 . . 095 5 .2 4 4 9 . 2 154 
• / - o .0 3 3 3 • / - 0 .0 72 1 . / -0 .0 8 0 8 • / - 0 . 0 9 2 9 • / - 0 . 1 0 9 9 • / -0 1224 
1 . 5 1 4 0 0 .3 28 1 0 .05 7 0 0 . 0 5 9 6 . 0 2 8 2 _ . 3 6 9 5 0 0 4 7 7 
. / - 0 . 0 4 5 8 • / - 0 . 0 9 8 1 . / - 0 . 1075 • / - 0 . 1 2 4 8 • / - 0 . 1 5 3 2 • / -0 1 7 46 
1 . 5 J 6 0 0 .3 4 5 4 0 . 065 7 0 .25 7 4 . .04 2 5 . .3 8 5 2 0 0593 . / . 0 .0 4 00 • / - 0 .0 90 1 • / -0 .0 98 1 • / -0 . 1 1 1 0 • / - 0 . 1359 • / - 0 1556 
1 .6 060 0 .3 3 46 0 . 1587 0 .33 7 1 0 . 2 3 6 2 0 .0 24 8 0 2132 
. / - 0 . 0 5 1 8 • / - 0 . 1 2 0 4 . / -0 . 1 4 4 5 • / -0 . ' 558 • / - 0 . 1 9 2 2 • / - 0 2129 
' 1 . 6 5 3 0 0 . 2 5 9 6 0 .0 5 7 5 0 . 1 . 7 4 0 . 1 3 4 1 . .0 43 4 0 0 8 7 5 
. ! -0 .0 4 06 • / - 0 . 0 8 9 9 • / -0 . 1069 • / - 0 . 1 1 2 2 • / - 0 . 1 3 8 0 • / - 0 163 1 
1 .7 0 5 0 0 .3 0 06 0 . 0 3 2 2 0 .3 0 06 0 . 2 8 6 6 .0 3 2 2 . 34 19 
. - . o 05 7 4 • / -0 . 1255 w - 0 . 1 5 3 5 • / - 0 . 1 7 4 7 • / - 0 .2 0 2 7 • / -0 214 1 
1 . 7 J ; 0 0 1969 0 .0 95 1 0 . 1 3 7 8 0 . 3 3 1 3 .3 0 4 1 4 184 • • -0 0599 • / - 0 . 1342 . / - 0 . 1662 • / - 0 . 1823 • / - 0 .2 0 0 4 * / - 0 2142 
• s • • - 0 . 2 1 7 8 0 . 0 925 0 . 1 1 7 9 0 .12 12 . . 4 2 7 5 63 7 8 
• . . * 0 7 8 9 • .' - 0 . 1 7 2 6 • - 0 . 1 9 5 : -0 . 20 4 4 • / - 0 .2 5 9 3 * * - 0 3 0 4 6 
s - " 1 0 256 1 0 . 1 0 9 6 0 . 3 1 9 5 0 .0 8 7 1 0 . 3 1 5 0 - 329 1 
• - c .0 7 5 2 • / - 0 . 1 7 4 5 . / - 0 .2 2 7 5 • / - 0 . 263 9 - c .2 7 96 - 0 3 156 
TABLE 5.3a Cont'd 
INCIDENT 
MOMENT UM 
i 61V C ) 
C 1 /AO C 2 / A 0 C 3 / A 0 C 4 / A 0 C 5 / A 0 
0 . 7 3 0 0 0 . 3 1 9 5 .0 0 8 2 . 0 1 0 3 . 0 0 3 3 • 0 0 8 8 
. / - 0 . 0 6 9 9 • / - 0 . 0 5 7 0 • / - 0 .0 4 7 3 • / - 0 .0 38 4 • / - 0 03 4 9 
0 . 7 5 0 0 0 . 1443 0 .0 29 0 .05 58 0 .0 02 8 - 0 0 0 1 
. / - 0 . 0 3 9 0 * / - 0 . 0 2 7 6 • / - 0 . 0 2 2 5 • / - 0 .0 2 0 3 • / - 0 0 186 
0 . 7 7 0 0 0 . 1729 .0 3 20 . 0 1 8 7 0 .0 38 3 0 0 0 0 1 
. / - 0 .0 368 • / -0 . 0 2 6 9 • / - 0 . 0 2 2 7 • / - 0 . 0 1 8 3 • / - 0 0 17 1 
0 . 7 9 0 0 0 . 1 8 5 0 0 .0 0 0 4 .0 185 0 .0 127 - 0 3 0 2 
. / . 0 . 0 3 6 9 • / - 0 .0 2 7 1 • / - 0 .0 2 29 • / - 0 .0 20 0 • / - 0 0 174 
0 . 6 100 0 . 1960 . . 0 1 6 1 .0 7 5 3 . .0 0 99 0 0 2 4 
. / - 0 .04 0 6 • / - 0 . 0 2 7 9 • / - 0 . 0 2 2 5 • / - 0 . 0 2 0 6 • / -0 0190 
0 .83 0 0 0 . 1 7 5 4 m . 0 5 6 5 . 0 5 6 5 0 .0 062 0 3 0 2 
. / . 0 . 0 4 1 5 - / - 0 . 0 2 9 9 • / -0 . 0 2 5 3 • / -0 .02 16 • / -0 0 195 
0 . 8 5 0 0 0 . 1 9 3 7 _ . 0 1 7 6 .0 7 5 9 . . 0 0 7 2 0 2 83 
. / - 0 . 0 4 3 9 • / - 0 .0 294 • / - 0 . 0 2 4 2 • / - 0 . 0 2 1 9 • / -0 02 10 
0 . 8 7 0 0 0 . 2 5 6 7 . 0 4 4 6 . . 0 6 7 1 - .0 4 25 - 0267 
. / - 0 . 0 4 5 2 • / - 0 . 0 2 7 9 • / - 0 . 0233 • / - 0 .02 0 0 • / - 0 0 17 1 
0 . 9 1 0 0 0 . 1568 . 0 5 5 0 0 . 0 0 4 8 0 .0 3 2 9 0 0 0 5 6 
. / - 0 .02 3 2 • / - 0 . 0 1 6 0 • / - 0 .0 130 • / - 0 . 0 1 2 1 • / - 0 0 102 
0 . 9 5 0 0 0 . 1 1 6 2 m . 0 3 6 7 . . 0 1 9 9 0 .0 06 9 - 0213 
. / - 0 . 0 1 1 5 • / - 0 . 0 0 8 3 • / - 0 . 0 0 6 7 • / - 0 .0 05 7 • / - 0 0 0 5 2 
0 . 9 6 0 0 0 . 067 1 0 .0 0 5 8 . . 0 3 1 4 . .0 158 0 0008 
. / - 0 . 0 2 9 5 • / - 0 .0 23 5 • / - 0 .0 185 • / -0 .0 168 • / -0 0 148 
0 . 9 9 0 0 0 . 1 1 6 2 _ .0 42 7 0 . 0 0 7 2 0 .00 16 - 0 0 3 7 
. / -0 . 0 3 2 6 * / - 0 . 0 2 4 7 • / - 0 .0 198 • / •0 . 0 1 7 1 • / -0 0 15 1 
1 . 0 0 5 0 0 . 0 8 6 3 0 . 0 1 4 7 0 .0 141 0 .0 0 46 0 04 6 
w - 0 . 0 3 0 2 • / -0 . 0 2 4 4 • / -0 . 0 2 0 7 • / -0 . 0 1 7 7 • / -0 0 157 
1 . 0 4 5 0 0 . 0 9 6 7 0 .0 0 5 9 0 .0 069 . .0 120 - 0 4 06 
w - 0 . 0 2 5 0 • / - 0 . 0 2 1 2 • / - 0 .0 167 • / -0 . 0 1 4 4 • / -0 0 130 
1 . 0 8 5 0 0 . 0 9 6 4 0 .0 148 0 .0 105 0 . 0 1 1 4 - 0 0 6 8 
. / - 0 .02 5 9 • / - 0 . 0 2 2 1 • / - 0 . 0 1 7 4 • / - 0 . 0 1 5 7 • / - 0 0 140 
1 . 1 2 5 0 0 . 100 1 0 . 0 0 1 6 0 .0 0 0 3 • . 0 1 5 4 - 0 139 
. / -0 .0 253 • / - 0 . 0 2 1 6 • / - 0 . 0 1 7 3 • / -0 . 0 1 5 2 • / -0 0133 
1 . 1 6 5 0 0 .0 9 7 9 0 .0 222 0 .03 00 . 0 2 1 3 - 0215 
. / -o .0 2 49 • / - 0 . 0 2 1 4 • / - 0 . 0 1 7 1 • / - 0 . 0 1 4 7 • / -0 0 132 
1 . 2 0 5 0 0 . 1 4 4 9 0 . 0 5 4 1 0 .0 34 0 - . 0 1 5 7 - 0 236 
. / -0 . 0 259 • / - 0 . 0 2 1 8 • / - 0 . 0 1 7 2 • / -0 . 0 1 5 2 • / -0 0 136 
1 . 2 4 5 0 0 . 1882 0 .0 709 0 . 0 3 6 1 - . 0 1 0 3 - 0 134 
. / -0 .0 24 9 - / - 0 . 0 2 1 0 • / - 0 . 0 1 7 0 • / -0 . 0 1 4 5 • / - 0 0 129 
1 . 2 8 5 0 0 . 1452 0 . 1 3 8 0 0 . 0 3 6 8 - .0 4 0 8 0 266 
. / - o .0 250 • / - 0 . 0 2 1 2 • / - 0 .0 166 • / - 0 . 0 1 4 9 • / - 0 0129 
1 . 3 2 0 0 0 . 1 2 9 7 0 . 1642 0 .0 4 26 _ . 0 1 6 0 0 26 3 
. / -0 .0 266 • / - 0 .0 2 4 8 • / - 0 . 0 2 0 8 • / - 0 . 0 1 7 7 • / -0 0 156 
1 . 3 5 5 0 0 . 0 4 5 2 0 . 1 5 3 2 0 . 0 1 2 0 0 .0 165 . 0 2 35 
. / - 0 . 0 6 0 4 • / - 0 .0 589 • / - 0 .05 40 * / - 0 .0 46 5 • / - 0 04 29 
1 . 4 6 2 0 0 . 1 0 7 8 0 . 1 196 0 . 0 9 1 5 0 . 0 1 7 8 0 0 0 5 0 
. / - 0 . 0 3 1 8 • / -0 . 0 3 1 5 • / -0 0 26 1 • / -0 . 0 2 1 2 • / -0 0 193 
1 . 5 1 4 0 0 . 0 5 2 6 0 . 0 9 8 7 0 0 40 4 . .0 0 2 1 0 0 4 7 1 
. / - o . 0 4 7 2 • / - 0 .0 4 4 2 • / - 0 . 0 3 5 2 • / - 0 . 0 2 9 2 • / - 0 0262 
1 . 5 4 6 0 0 . 1 1 0 0 0 .0 7 38 0 . 0 4 2 8 0 . 0 0 5 3 0 0 0 3 8 
• / - 0 .03 8 2 • / - 0 . 0 3 9 3 • / - 0 .03 2 7 • / - 0 .0 265 • / - 0 0235 
1 . 6 0 6 0 . . 0 3 9 7 0 .0 4 90 0 0 2 7 3 _ .0 0 53 . 0218 
. / - 0 . 0 5 4 8 • / - 0 .05 5 1 • / - 0 0494 • / - 0 . 0 4 2 2 • / -0 03 90 
1 . 6 5 3 0 . 0 1 1 7 0 1526 0 . 0 0 8 5 0 .0 7 88 0 04 11 
. / . 0 . 0 3 9 6 • / -0 . 0 4 1 6 • / - 0 0369 * / - 0 . 0 3 1 9 • / -0 0 2 7 5 
1 . 7 0 5 0 m 03 5 2 0 1138 0 0148 . . 00 15 0 0 2 7 6 
. / - 0 0554 • / - 0 053 1 • / - 0 0450 • / - 0 .03 8 4 • / -0 0 3 4 3 
1 . 7 4 1 0 m 0 189 0 0 7 90 . 0 485 0 . 0 2 8 2 0 0 5 3 4 
. / - 0 0524 • / -0 0523 • / -0 0508 • / - 0 . 0 4 4 5 • / - 0 0 39 2 
1 . 8 0 0 0 0 0393 0 0949 0 0937 0 . 1 2 7 4 0 0 4 05 
. .' . 0 0650 • / •0 06 90 • / -0 0638 • / - 0 . 0 5 1 9 • / - 0 0 46 0 
1 .8J3C _ 1800 0 1065 _ 0 768 . 0 093 0 0 0 0 1 
. / . 0 0 8 5 9 • / - 0 0824 • / -0 0 7 52 • / -0 .0 7 0 2 • / - 0 06 0 1 
Table 5.3a Cont'd 
INCIDENT 
MOMENTUM 02 /AO 03 /AO 0 4 / A O OS/AO 
<GEV/C > 
0 . 7 3 0 0 
0 . 7 5 0 0 
0 . 7 7 0 0 
0 . 7 9 0 0 
0 . 8 1 0 0 
0 . 8 3 0 0 
0 . 8 5 0 0 
0 . 8 7 0 0 
0 . 9 1 0 0 
0 . 9500 
0 . 9 6 0 0 
0 . 9 9 0 0 
1 .0050 
1 .0450 
1 .0850 
1 .1250 
1 . 1 6 5 0 
1 . 2 0 5 0 
1 .2450 
1 .2850 
1 .3200 
1 .3550 
1 .4620 
1 . 5 1 4 0 
1 .5460 
1 .6060 
1 .6530 
1 . 7CS0 
1 . 1 0 
:. : 
0 
. / -0 
0 
. / -0 
0 
. / - o 
0 
, / - 0 
0 
. / -0 
0 
. / - 0 
. / . 0 
0 
/ -o 
0 
. / - 0 
0 
. / -o 
0 
• / - 0 
0 
. / - 0 
0 
. / - 0 
0 
. / - 0 
0 
. / - 0 
0 
. / -0 
0 
. / - 0 
0 
. / -0 
0 
. / - 0 
0 
. / -0 
0 
. / - 0 
0 
. / - 0 
. / - 0 
• / -  
. / -0 
0 
. / - 0 
0 
• / - 0 
0 
• / - 0 
. • . 0 
/ - 0 
.0 4 7 1 
. 0297 
.0 130 
.0160 
.024 7 
.0164 
.0378 
. 0165 
.0 2 5 0 
. 0179 
.0175 
.0172 
0293 
.0186 
0 168 
0151 
0374 
0092 
0550 
005 1 
.0 7 2 9 
.0 138 
.0 725 
.0160 
. 0645 
.0 140 
. 0513 
. 0 1 0 8 
.0399 
. 0112 
. 0514 
. 0 1 1 2 
. 0 3 6 2 
.0110 
.0396 
. 0 1 1 2 
.0246 
. 0103 
. 0393 
. 0 1 0 6 
. 0324 
.0109 
. 0065 
.0 20 7 
. 0 1 5 6 
.0126 
. 0 0 6 9 
. 0183 
. 0 1 3 3 
.0140 
. 0112 
. 0 1 9 2 
. 0 1 5 5 
. 0145 
.0140 
. 0 2 3 5 
. 0215 
.0191 
. 0 1 6 2 
.026 7 
.0 220 
.0263 
- . 0 0 1 0 
w - 0 . 0156 
0 . 0 0 7 8 
• / - 0 . 0084 
0 . 0 0 4 6 
• / - 0 . 0 0 8 4 
0 .0 121 
• / - 0 .0084 
0 .0044 
• / - 0 . 008 7 
0 . 0 0 9 5 
• / - f l . 0 0 9 0 
- . 0005 
• / - 0 . 0 0 9 3 
0 . 0 0 7 8 
• / - 0 . 008 1 
0 . 0 1 4 6 
• / - 0 . 0049 
0 . 0 0 6 8 
• / - 0 .0 0 2 5 
- . 0 0 2 2 
• / - 0 . 00 7 9 
0 . 0 184 
• / -0 . 0079 
0 . 0 0 1 8 
• / - 0 .0 0 7 7 
0 . 0095 
• / - 0 . 0 06 3 
0 . 0030 
• / - 0 . 0 0 6 5 
0 . 0 1 0 8 
• / - 0 . 0 0 6 6 
0 . 0055 
• / - 0 . 0064 
0 . 0 0 5 3 
* / - 0 . 0 0 6 6 
- . 0 0 5 1 
• / - 0 . 0062 
- . 0050 
• / - O . 0 0 6 5 
- . 0034 
w - 0 . 0 0 7 2 
- . 0 1 2 9 
• / - 0 . 0 1 4 9 
- . 00 82 
• / - 0 • 0 0 8 7 
- . 0016 
• / - 0 . 0122 
• . 0080 
• / - 0 . 0 1 0 4 
- . 00 7 8 
• / - 0 . 0 1 2 8 
0 . 0 0 3 8 
• / - 0 . 0107 
- . 0 3 7 4 
• / - 0 . 0 1 4 7 
• . 0168 
0 . 0 1 3 0 
- . 0393 
• / - 0 . 0 1 9 6 
- . 0 1 0 0 
• • - 0 . 0 1 7 5 
- . 0035 
• / - 0 . 01 02 
0 . 0 0 8 5 
• / - 0 . 00 5 4 
0 . 0 0 13 
• / - 0 .0054 
0 . 0 0 9 0 
• / - 0 . 0 O S 6 
0 .0 133 
• / - 0 . 0 0 5 6 
- . 000 1 
• / - 0 . 00 58 
0 . 0 0 5 1 
• / - 0 .0 0 58 
/ -0 
,0027 
0053 
0063 
0 03 1 
0018 
00 16 
004 9 
0 0 4 8 
004 7 
0 0 4 7 
0 . 0 0 3 6 
• / - 0 . 0 0 5 0 
0 . 0 0 3 2 
• / • O . 0042 
0 . 0062 
• / - 0 . 00 4 3 
0 . 0 1 0 5 
• / - 0 . 0044 
0 . 0 0 6 3 
• / - 0 .0 0 4 2 
0 . 0 0 3 4 
• / - 0 . 0 0 4 2 
0 . 0 0 5 9 
• / - 0 . 00 4 1 
0 . 0 0 7 9 
• / -0 . 0 0 4 2 
0 . 0 1 1 3 
• / -0 . 0049 
0 . 0 0 9 9 
• / -0 . 0 1 1 1 
0 . 0 0 0 1 
• / - 0 . 0062 
• - 0 025 
• / - 0 . 0 0 85 
- . 0134 
* / - 0 .0 0 73 
- . 0 1 9 4 
• / - 0 . 0099 
- . 0 0 3 1 
* / - 0 .008 1 
- . 0 1 1 4 
• / -0 . 01 07 
0 . 0 0 2 9 
• / - 0 . 0 0 9 9 
- . 0 033 
• / -0 . 0152 
- . 0105 
0 . 0 1 2 9 
0 . 0 0 7 0 
• / - 0 . 0 0 7 I 
0 . 0 0 2 2 
• / - 0 . 0 0 3 9 
- . 0 0 38 
* / - 0 . 0 0 3 9 
0 . 0 0 0 6 
• / - 0 . 0 0 3 9 
- . 00 0 2 
• / - 0 . 0 0 4 2 
- . 0 0 4 1 
• / - 0 .0 04 2 
0 . 0 0 2 2 
• / - 0 . 0 0 4 0 
0 . 0 0 0 1 
• / - 0 .0 0 3 7 
0 . 0 0 16 
• / - 0 .0 0 2 3 
- . 0 0 22 
• / - 0 . 0 0 1 2 
0 .0 04 9 
- / - 0 . 0034 
- . 0 04 6 
• / - 0 . 0 0 35 
- . 0014 
• / - 0 . 0 0 36 
0 . 0 0 3 3 
• / - 0 . 0 0 3 0 
0 . 0 0 5 5 
• / - 0 .00 3 0 
0 . 0 0 7 0 
* / - 0 . 0 03 2 
0 . 0032 
• / - 0 . 0 030 
0 . 0 0 2 0 
• / - 0 .0030 
0 . 0 0 3 0 
• / - 0 . 0 0 29 
0 . 0 0 2 0 
• / - 0 . 0 0 3 0 
0 . 0 0 5 0 
• / - 0 . 003 5 
- . 0 0 1 5 
* / - 0 . 0 0 8 2 
- . 0 0 0 1 
• / - 0 . 0 0 4 4 
0 . 0 0 0 9 
• / - 0 .0 059 
- . 0036 
• / - 0 . 0 0 5 1 
- . 0043 
• / - 0 . 0 0 7 3 
0 . 0 0 6 0 
• / - 0 .0 0 6 0 
- . 0 0 6 2 
• / - 0 . 0 0 7 6 
0 . 0 0 0 1 
• / - 0 .0 0 7 6 
- . 0154 
•t- 0 . 0 1 07 
- .01 16 
• / - 0 . 0 1 0 5 
TABLE 5.3a Cont'd 
INCIDENT 
MOMENTUM 
(GEV/C ) 
AO A 1 / AO A 2 / A 0 A 3 / A 0 A 4 / A 0 A 5 / A 0 
0 . 7 3 0 0 
• / 
0 . 
- 0 . 
48 79 
0240 • / - 0 
. 2 5 9 5 
. 1737 • / - 0 
0 7 3 9 
2343 • / 
0 
- 0 
.4 2 6 1 
. 2 7 7 8 • / 
0 
- 0 
1912 
3 2 0 6 • / 
0 
- 0 
4 5 3 9 
3394 
0 . 7500 
• / 
0 . 
• 0 . 
5 3 76 
0 170 • / 
0 
- 0 
. 1 2 5 7 
. 1099 • / 
0 
-0 
1653 
. 1 4 8 0 • / 
0 
- 0 
.3 792 
. 1 6 7 2 • / 
0 
- 0 
3362 
1928 • / 
0 
-0 
3 4 8 0 
2 0 6 9 
0 . 7 7 0 0 
• / 
0 . 
- 0 . 
4918 
0 160 • / - 0 
. 1683 
. 1 1 4 6 • / 
0 
-0 
. 1 6 1 7 
. 1 4 2 8 • / 
0 
- 0 
.33 16 
. 1 6 6 7 • / - 0 
0 3 9 0 
1916 • / - 0 
0 554 
2 184 
0 . 7 9 0 0 
• / 
0 . 
- 0 . 
5 3 9 6 
0200 • / - 0 
. 0 8 U 
. 1045 t / - 0 
2 4 0 0 
. 1325 • / - 0 
. 1790 
. 1 5 6 7 t / -9 
1884 
1737 • / 
0 
-0 
1250 
1922 
0 . 8 1 0 0 
• / 
0 . 
- 0 . 
7 09 2 
0280 • / 
0 
- 0 
. 0 1 8 ) 
. 1 0 1 6 • / - 0 
. 3 5 2 8 
. 1323 • / - 0 
. 2 8 3 2 
. 1 5 2 6 * / •0 
0627 
1784 • / 
0 
- 0 
25 75 
1970 
0 . 8 3 0 0 
• / 
0 . 
•0 . 
7138 
0260 * / 
0 
- 0 
. 1 1 4 9 
. 0 9 6 3 • / - 0 
. 5 1 9 0 
. 1 1 9 1 • / - 0 
. 1 8 9 2 
. 1 5 5 2 • / -0 
2979 
1721 • / 
0 
• 0 
1426 
1906 
0 . 8 5 0 0 
• / 
0 . 
-0 . 
6 5 2 6 
0 260 • / 
0 
- 0 
. 0 5 9 9 
. 1 1 1 4 • / - 0 
.2 7 3 8 
. 1 4 0 6 • / - 0 
.2 739 
. 1689 • / - 0 
2 2 9 6 
2 0 2 2 • / 
0 
- 0 
03 1 6 
2 0 5 0 
0 .8 7 0 0 
• / 
0 . 
- 0 . 
7172 
0572 • / - 0 
. 2 2 4 9 
. 0 9 7 6 • / - 0 
46 8 3 
. 1334 • / -0 
.17 10 
. 1 4 4 9 • / -0 
1916 
1820 • / 
0 
- 0 
4942 
1956 
0 . 9 1 0 0 
• / 
0 . 
-0 . 
7 0 7 3 
0 3 9 2 • / - 0 
. 1294 
. 0 6 8 7 • / - 0 
. 1 5 9 8 
.08 74 • / -0 
. 3 1 0 5 
. 1 0 1 4 • / - 0 
3 0 8 0 
1116 • / 
0 
- 0 
0 7 9 9 
1289 
0 . 9 5 0 0 
- / 
0 . 
- 0 . 
905 1 
0232 * / -0 
. 0 4 5 6 
. 0350 • / - 0 
. 1295 
.0 4 3 7 • / - 0 
. 0 9 8 2 
. 0 5 2 5 . / - 0 
4 2 8 0 
0613 • / 
0 
- 0 
0 3 22 
06 7 3 
0 . 9 6 0 0 
• / 
0 . 
- 0 . 
66 90 
0 3 3 9 • / 
0 
- 0 
. 0 1 2 4 
. 1 0 0 9 • / 
0 
- 0 
.0 4 8 0 
. 1215 • / - 0 
. 4 9 4 8 
. 1399 • / - 0 
4433 
1615 • / 
0 
- 0 
0 8 7 2 
1809 
0 . 9900 
• / 
0 
-0 . 
5429 
0528 • / 
0 
- 0 
. 1 4 3 6 
. 1272 • / 
0 
- 0 
. 14 19 
. 1556 • / - 0 
. 3 8 7 4 
. 1 8 2 1 • / - 0 
6 7 43 
2235 • / - 0 
1067 
2 25 3 
1 . 0050 
• / 
0 
-0 . 
6 3 4 9 
0353 • / 
0 
- 0 
.06 97 
. 1 2 5 7 • / 
0 
- 0 
. 6 0 1 4 
. 1456 • / - 0 
.4 4 92 
. 1 7 7 2 • / -0 
43 16 
2 0 3 9 • / - 0 
20 17 
2 2 6 2 
1 . 0 4 5 0 
• / 
0 . 
- 0 . 
7750 
0 34 0 • / 
0 
- 0 
. 1 4 9 2 
. 1 0 1 7 ••/ 
0 
- 0 
.8 8 9 4 
. 1 1 0 3 • / -0 
. 6 5 6 7 
. 1 3 1 2 • / - 0 
6 9 8 8 
1519 • / 
0 
- 0 
0 2 3 8 
170 1 
1 . 0 8 50 
• / 
0 . 
- 0 . 
6 1 5 6 
0300 • / 
0 
- 0 
. 20 7 0 
. 1 2 1 1 • / 
1 
- 0 
. 2 0 6 7 
. 1 3 4 0 • / - 0 
.7 8 09 
. 1689 • / - 0 
5 0 2 0 
1974 • / - 0 
1798 
2218 
1 . 1250 
• / 
0 . 
-0 . 
6 5 3 1 
0 299 • / 
0 
- 0 
. 2 6 1 4 
. 1 1 2 7 • / 
0 
- 0 
. 9 9 7 6 
. 1269 • / - 0 
. 7 9 3 0 
. 1544 • / - 0 
4554 
18 15 • / - 0 
2695 
2 0 0 0 
1 . 1650 
• / 
0 
- 0 . 
6637 
0290 • / 
0 
- 0 
. 1709 
. 1 0 2 9 • / 
0 
- 0 
. 6 5 4 8 
. 1 1 6 5 • / -0 
. 5 5 5 1 
. 14 14 • / -0 
4603 
1569 • / - 0 
0 0 2 4 
1742 
i . 2050 
* / 
0 . 
-0 . 
64 17 
0 2 9 1 • / 
0 
- 0 
. 0 9 1 9 
. 1 0 2 9 - / 
0 
- 0 
.7 4 28 
. 1 1 7 8 • / - 0 
. 6 1 4 3 
. 1426 • / - 0 
4 42 3 
1623 • / 
0 
- 0 
1 3 1 9 
1783 
1 . 2 4 5 0 
• / 
0 . 
-0 . 
6 9 1 9 
0274 • / 
0 
- 0 
.46 33 
. 0 9 9 0 • / 
0 
- 0 
. 6 3 76 
. 10 1 4 • / - 0 
. 4 0 7 1 
. 1 2 6 1 • / - 0 
4 7 16 
1452 • / - 0 
0696 
1574 
1 . 2 8 5 0 
• / 
0 
- 0 
6 7 4 9 
0256 • / 
0 
-0 
. 3 0 2 2 
.0 8 5 5 • / 
0 
-0 
. 5695 
. 0 9 8 8 • / - 0 
. 5 9 5 5 
. 1 2 1 2 • / - 0 
4 7 1 6 
1 3 7 3 • / 
0 
- 0 
0 6 7 1 
1 5 4 4 
I . 3 2 0 0 • / 
0 
- 0 
6 770 
0292 • / 
0 
- 0 
. 6 4 2 8 
. 0 9 1 4 • / 
0 
- 0 
.3 7 3 1 
. 10 14 * / - 0 
. 4 909 
. 1 1 8 3 • / - 0 
85 2 7 
1374 • / - 0 
3 8 4 6 
1 5 5 6 
1 . 3 5 5 0 
• / 
0 
- 0 
7206 
0 6 4 0 • / 
1 
- 0 
. 1282 
. 2 0 2 5 • / 
0 
- 0 
. 6 2 1 7 
. 2 5 0 7 • / - 0 
. 9 1 7 7 
. 3 1 7 7 • / - 0 
4 0 2 1 
3 5 2 9 • / 
0 
- 0 
1 1 5 0 
4 0 4 9 
1 . 4620 
• / 
0 
-0 
6 150 
0299 • / 
0 
• 0 
.68 06 
. 1232 • / 
0 
- 0 
. 6 5 3 6 
. 1 4 1 6 • / - 0 
. 4 9 2 8 
. 1 7 0 1 - / - 0 
5 5 4 9 
2 0 5 3 • / - 0 
1366 
2268 
1 .5 140 
• / 
0 
- 0 
6 0 76 
0377 • / 
0 
- 0 
. 7 1 2 1 
. 1527 • / 
0 
- 0 
. 5 9 8 0 
. 1 9 1 7 • / -0 
. 7 3 2 9 
.23 14 • / - 0 
060 ? 
2 7 0 6 * / 
0 
-0 
3 4 2 1 
2990 
1 . 5 4 6 0 
- / 
0 
-0 
6469 
0352 • / 
0 
- 0 
. 7 2 4 9 
. 1259 • / 
0 
- 0 
.3 2 03 
. 1 5 2 6 • / - 0 
. 6 6 9 4 
. 1 8 16 - / - 0 
42 1 5 
2065 • / 
0 
- 0 
2173 
2 3 4 2 
t . 6 0 6 0 
• / 
0 
-0 
6 0 4 9 
0 45 9 • / 
0 
- 0 
. 6 2 1 6 
. 1750 • / 
0 
- 0 
. 1965 
.23 7 7 • / - 0 
.8 8 8 1 
. 2 7 0 9 • / 
0 
- 0 
2498 
3 0 11 • / 
1 
- 0 
1558 
3 190 
• . 6 5 30 • / 
0 
- 0 . 
6 235 
0318 • / 
0 
- 0 
.6 8 7 4 
. 1 0 1 9 • / - 0 
. 2 5 6 6 
. 1 4 4 0 • / - 0 
. 8 9 8 8 
. 1 6 3 6 • / 
0 
-0 
2 6 0 6 
1862 • / 
0 
- 0 
5912 
2 0 7 5 
• . * C 5 0 . / 
0 . 
- 0 . 
6024 
0 4 0 2 • / 
0 
- 0 
. 6 3 9 1 
. 1 4 0 4 • / - 0 
. 2 4 22 
. 2 1 1 0 • / - 0 
. 5 7 5 9 
. 2 1 1 0 • / 
0 
-0 
66 79 
2 4 09 • / 
0 
• 0 
6 0 0 9 
2715 
. ' 4 1 0 
• / 
0 . 
- 0 . 
70 49 
04 1 5 • / 
0 
- 0 
.8 7 3 7 
. 1169 • / - 0 
. 2 9 3 1 
. 1825 • / - 0 
. 7 2 6 0 
.2 0 39 • / 
0 
- 0 
6528 
23 4 3 • / 
0 
- p 
8 5 0 1 
2 4 8 1 
1 .8 0 0 0 
• / 
0 . 
-0 . 
495 3 
04 0 1 • / 
0 
- 0 
. 8 8 1 7 
. 1 7 1 2 • / - 0 
. 2 1 7 4 
. 26 7 7 • / - 0 
. 4 9 2 8 
. 3 0 5 6 • / 
0 
- 0 
8 62 9 
3 3 4 9 • / 
1 
- 0 
1784 
356 1 
i . 9 - 3 0 0 . 
• 0 . 
694 7 
0 5 0 0 • / 
1 
- 0 
. 0 6 2 0 
. 1 4 9 1 . i - 0 
. 0 5 2 8 
. 2 1 1 1 • » - 0 
. 8 6 7 8 
. 2 3 8 8 • / 
0 
- 0 
1025 
2 7 8 5 • / - 0 
0 2 4 1 
3 0 5 0 
TABLE 5.3b ; C o e f f i c i e n t data for f:he quasi-two body process 
k~p -> i T E + (1385) 
INC10ENT 
MOMENTUM 
( CEV/C ) 
BO/AO B 1 /AO 8 2 / A O 83 /AO 84 / AO 85 / A 0 
0 .7 30 0 0 . 1 6 1 9 . 0 8 4 2 0 .0 0 25 0 . 095 1 . 1 1 2 5 - .0 6 2 5 
• / - 0 . 0 6 0 6 • / -0 . 1 0 1 5 • / -0 . 1428 . / -0 . 1 7 0 2 • / -0 . 1995 • / - 0 .2 0 4 4 
0 . 7500 0 . 1 6 3 1 0 . 1 0 5 3 a .0 23 3 0 . 1 1 6 1 0 . 2 2 4 3 0 .0 7 5 9 
• / -0 . 0 3 4 1 « / - 0 . 0 6 2 7 • / - 0 .0 8 7 3 • / -0 . 0 9 8 7 « / -0 . 1 1 1 0 • / - 0 . 1 2 0 0 
0 . 7 7 0 0 0 . 1392 0 . 0 6 4 9 a . 0 20 9 0 .0 28 0 0 .0 869 - .0 4 4 2 
• / - 0 . 0 3 5 6 • / - 0 . 0 6 3 7 • / - 0 .0 8 0 4 . / - 0 . 0 9 5 1 / - 0 . 1 0 7 4 • / -0 . 1 2 2 6 
0 . 7 9 0 0 0 . 1930 0 . 3 0 3 8 . 2 5 6 6 a . 0 4 1 5 0 .0 3 4 1 • .0 5 3 4 
• / <0 . 0 3 7 0 « / -0 . 0 6 1 5 • / - 0 . 0 8 0 0 . / -0 . 0 9 6 7 • / - 0 .10 74 • / -0 . 1 1 5 3 
0 . 8 1 0 0 0 . 2 4 7 9 0 . 1 5 0 ) a .2 4 7 9 - 08 7 } 0 . 0 1 2 7 0 . 244 3 
• / - 0 . 0 3 6 7 « / -0 . 0 6 0 5 • / -0 . 0 8 0 2 . / -0 . 0 9 5 9 • / -0 . 1 1 0 6 • / - 0 . 1 1 7 0 
0 . 8 3 0 0 0 . 2 1 7 5 0 . 0 9 7 0 m . 2 9 4 5 . . 1 6 7 2 0 . 1 1 4 0 0 .0 355 
• / -0 . 0 3 7 6 • / -0 .0 5 82 • / - 0 .0 7 06 . / - 0 . 0 9 3 8 • / - 0 . 1 0 3 7 • / - 0 . 1 1 2 2 
0 . 8 5 0 0 0 .3 136 0 . 1248 a .3 069 a . 1 9 4 1 . . 0 4 9 8 0 . 1 0 1 5 
• / - 0 . 0 3 9 6 • / -0 . 0 6 6 4 • / -0 .0 8 24 . / -0 . 1 0 1 0 « / -0 . 1 2 1 5 • / - 0 . 1 2 1 8 
C . 8 7 0 0 0 . 1994 0 .0 9 7 8 . 3 6 5 4 0 . 1 5 7 6 0 . 0 9 2 1 - .3 3 5 7 
• / -0 . 0 4 2 4 • / -0 . 0 6 4 4 • / -0 . 0 8 9 5 . / -0 . 0 9 6 9 • / -0 . 1 1 4 0 • / - 0 . 1 2 3 7 
1.9100 0 .3 2 79 0 . 0 7 6 4 a . 2 6 3 9 a . 1683 . . 0 2 5 0 0 . 1065 
• / - 0 . 0 3 3 3 / -0 . 04 04 • / -0 . 0 5 4 9 . / -0 . 0 6 1 4 / - 0 . 0663 - / - 0 .0 7 93 
0 . 9 5 0 0 0 . 2897 0 . 1487 a . 2 2 8 1 a . 0 9 2 0 a . 0 0 7 9 • .0 2 5 9 
• / - 0 . 0 1 6 7 • / -0 . 0 2 2 0 • / -0 .0 28 2 . / - 0 .0 33 4 / - 0 .0 3 7 0 • / - 0 .0 4 2 1 
0 . 9 6 0 0 0 .2 74 4 0 . 2 2 1 8 a . 2 2 6 4 a .24 24 . .0 29 7 0 .0 505 
• / - 0 . 0 3 3 8 / -0 . 0 5 9 1 • / -0 . 0 7 1 2 • / -0 .08 43 / -0 . 0 9 8 3 • / -0 .10 78 
0 . 9 9 0 0 0 . 2434 0 . 1 7 1 0 .0 0 4 7 - . 1634 .08 0 8 0 . 1 2 1 1 
• / - 0 . 0 5 3 1 / - 0 . 0 7 7 8 • / - 0 . 0 9 4 6 . / -0 . 1 0 9 7 < / - 0 . 1 2 7 8 • / -0 . 1 4 6 1 
1 . 0 0 5 0 0 . 1860 0 . 2 0 0 3 . 2 6 6 1 a . 1 4 1 1 .0 3 92 - . 0 6 6 4 
• / - 0 . 0 3 9 0 / -0 . 0 7 4 0 • / - 0 .0 88 9 . / -0 . 1 0 8 5 / -0 . 1246 • / - 0 . 1393 
1 . 0 4 5 0 0 . 2 1 8 3 0 . 3 5 6 7 .2 0 86 - . 1 1 4 2 - .29 7 1 0 .05 3 3 
• / -0 . 0 3 0 7 / -0 . 0 6 1 5 • / - 0 . 0 6 9 8 . / -0 . 0 8 2 1 / -0 . 0966 • / - 0 . 1090 
1 . 0 8 5 0 0 . 2 0 5 5 0 . 4 1 3 1 . 0617 m . 1 8 1 6 .3 145 0 .0 24 0 
• / - 0 . 0 3 3 6 / - o .0 7 06 • / -0 . 0 8 2 6 » / - 0 . 1 0 0 3 « / -0 . 1 1 6 0 • / -0 . 1 3 0 5 
1 . 1 2 5 0 0 . 2 3 5 2 0 . 3600 a .04 7 4 a . 1287 - . 1 460 • . 1385 
• / - 0 . 0 3 2 9 / -0 . 0 6 8 0 • / - 0 . 0 8 1 3 . / -0 . 0 9 6 8 / -0 . 1 1 2 7 * / - 0 . 1 2 3 0 
1 . 1 6 5 0 0 . 2459 0 . 3 1 5 0 . . 1 7 5 5 a . 2 4 7 6 a .33 19 a . 1 1 4 6 
• / - 0 . 0 3 0 8 / - 0 . 0 6 1 8 • / - 0 .0 73 0 . / -0 . 0 8 6 3 < / -0 . 0 9 6 5 • / - 0 . 1 0 5 9 
1 . 2 0 5 0 0 . 2 2 1 0 0 . 3 1 4 2 a .0 5 4 7 a . 204 0 - . 2 1 9 4 0 .0 0 5 2 
• / -0 . 0 3 1 3 / - 0 . 0 6 3 0 • / - 0 .0 7 49 . / - 0 . 0 8 9 1 « / - 0 . 1009 • / - 0 . 1 0 9 3 
1 . 2 4 5 0 0 . 284 l 0 . 3 5 8 2 0 . 0 9 9 4 a . 1 8 4 1 • . 1 0 5 6 - . 1 4 5 0 
. / - 0 . 027 1 / -0 . 0538 • / • 0 . 064 1 • / -0 . 0 7 8 2 « / - 0 . 09 0 7 • / - 0 0 96 3 
1 . 2 8 5 0 0 . 2 8 2 1 0 . 3 0 0 6 . . 0 5 7 7 a . 2 3 2 2 . 1 1 8 0 - .0 2 5 7 . / -0 .0 266 / -0 . 0 5 2 5 • / -0 . 0 6 2 8 . / -0 . 0 7 5 7 « / - 0 .0 85 0 • / - 0 .0 95 9 
1 . 3 2 0 0 0 . 3 4 8 0 0 . 4 0 5 4 0 . 0 6 6 4 a . 2 2 1 0 a .26 89 a .17 15 
• / - 0 . 030 1 / -0 .0 5 78 • / - 0 .065 0 • / -0 . 0 7 6 1 • / - o . 0 890 - / - 0 . 0 9 6 5 
1 . 3 5 5 0 0 . 3 5 2 7 0 . 3 7 1 9 0 . 0 3 8 2 . 6 2 0 6 - .2 7 5 0 - .2 4 3 6 
• / - 0 . 0 6 3 4 / -0 . 1 2 6 5 • / -0 . 1 4 4 2 . / -0 . 1 8 7 9 « / -0 . 2 1 8 3 • / - 0 . 2 463 
1 . 4 6 2 0 0 . 40 7 6 0 . 3 7 3 1 0 . 1 6 7 2 a .0 768 a . 3 2 9 6 - . 0 1 8 2 
• / - 0 . 0 3 7 3 * / -0 .0 7 8 7 • / - 0 . 0 9 3 5 w - 0 . 1 1 0 3 • / -0 . 1 3 2 0 • / -0 . 14 4 4 
1 . 5 1 4 0 0 . 3 9 9 8 0 . 1 5 0 3 0 . 0 4 3 0 _ .5 6 0 9 a .0 7 8 0 0 . 2 8 1 6 
- / - 0 . 0463 / - 0 . 0 9 6 1 • / - 0 . 1 2 1 1 . / -0 . 1 4 4 0 • / -0 . 1739 • / - 0 . 1 9 7 9 
1 . 5 4 6 0 0 . 423 1 0 . 3 1 1 5 _ . 0 1 4 3 a . 5 1 4 2 a . 4 5 1 9 0 .02 3 4 
• / -0 . 0 3 9 4 « / • o .0 797 • / -0 . 0 9 3 7 . / -0 . 1 1 1 4 • / -0 . 1 2 8 1 • / - 0 . 1 4 4 1 
I.6060 0 . 4 6 5 8 0 .3 276 . 1037 . 6 3 3 3 . 1768 0 .2 4 76 
. / - 0 . 0 5 7 3 « / -0 . 1133 • / - 0 . 1476 . / -0 . 1 6 5 9 « / - 0 . 1 9 4 7 • / - 0 . 2 0 5 7 
i . 6 5 3 0 0 . 4 4 1 2 0 . 3 3 4 2 a . 2 u 0 2 . 6 3 5 1 0 . 0 4 9 3 0 . 1328 
• / -0 . 0 3 9 2 * / -0 . 0 6 4 7 • / -0 . 0 9 2 3 • / 0 . 1 0 3 8 • / - 0 . 1 2 2 0 • / - 0 . 1337 
; . r c 5 o 0 . 4 9 8 0 0 . 2 9 4 2 a . 2 5 6 2 _ . 35 7 1 0 . 2 0 5 5 0 . 2 1 8 8 
- 0 . 0 5 2 5 • / -0 . 0 9 3 3 • / -0 . 1335 • / -0 . 1 3 6 0 • / - o . 1552 • / - 0 . 1 7 7 6 
: .74110 0 .3 7 76 0 . 2 3 9 9 a .3 249 . 3 9 8 0 0 . 2 8 5 2 0 .3 4 5 4 
• / - 0 . 0 4 5 4 ' / - 0 .0 754 • / -0 . 1 1 0 3 • / - 0 . 1 2 6 4 - / -0 . 1435 • / -0 . 1 5 4 4 
• . * 5 { 0 .3 3 8 1 0 .2 143 . . 1 6 2 4 a . 4 3 0 4 0 . 1 2 1 6 0 .3 135 . r . 0 6 5 0 • ' - 0 . 1 1 0 8 * ' - 0 . 1677 . / -0 . 1 838 • / -0 . 2 0 1 5 • / - 0 . 2 1 8 5 
:.«-i i :• r . 4 5 5 7 0 . 4 6 4 5 - . 0 7 0 1 - . 4 9 1 4 0 . 0 1 3 1 • .0 2 7 1 
- / • 0 . 0 5 3 5 / - 0 . 0 9 4 0 - 0 - 1292 . / . 0 . 1 4 4 0 . / - o . 1775 • / -0 . 1 9 0 7 
Table 5.3b Cont'd 
INCIDENT 
MOMENTUM C l / A O C 2 / A 0 C 3 / A 0 C 4 / A 0 C 5 / A 0 
(GEV'C ) 
0 . 7300 
0 . 7 5 0 0 
0 . 7 7 0 0 
0 . 7 9 0 0 
0 . 8 1 0 0 
0 . 8 3 0 0 
0 . 8 5 0 0 
0 . 8 7 0 0 
0 . 9 100 
0 . 9 5 0 0 
0 . 9 6 0 0 
0 . 9 9 0 0 
1 . 0 0 5 0 
1 . 0 4 5 0 
1 . 0 8 5 0 
1 . 1 2 5 0 
1 . 1 6 5 0 
1 . 2 0 5 0 
i . 2 4 5 0 
I . 2 8 5 0 
0 
. / -0 
0 
w - 0 
0 
. / - 0 
0 
• / - 0 
0 
. / - 0 
0 
. / -o 
0 
• / - 0 
0 . 
w - 0 . 
0 . 
• / - 0 . 
0 . 
• / -0 . 
0 . 
• / -0 . 
0 . 
W - 0 . 
0 . 
• / - 0 . 
0 . 
w - o . 
w - 0 
0 
. / - 0 
/ -0 . 
/ - o ! 
/ - 0 
/ - o! 
0556 
0 7 8 6 
1309 
0395 
0940 
. 0 3 6 6 
. 1 6 4 9 
. 0 4 5 8 
. 1069 
. 0 4 3 2 
. 1353 
. 04 15 
.0 9 2 8 
. 0 4 2 7 
. 0 8 4 9 
. 0 4 1 9 
. 0 6 4 7 
. 0 2 3 9 
.0 75 2 
0 130 
10 15 
035 1 
0736 
0 46 0 
0100 
034 1 
0522 
0262 
000 1 
0323 
0090 
0298 
09 0 5 
0274 
073 7 
0290 
0 7 0 4 
0 2 7 5 
0802 
0 2 7 0 
0 
W - 0 
0 
• / -0 
0 
. / - 0 
0 
w - o . / - 0 
0 
W - 0 
0 
W . 0 
0 
. / -0 
0 
. / -0 
0 
w - 0 
0 
W -0 
0 
w - o 
0 
w - 0 
0 . 
• / -0 
0 
• / - o . 
0 . 
• / - 0 . 
0 . 
w - 0 . 
0 . 
• / -0 . 
0 . 
• / - 0 . / 
.0 0 5 1 
. 0 5 1 5 
. 0 0 3 9 
. 0 3 0 2 
. 0 3 4 8 
.03 18 
. 0 2 8 8 
. 0345 
. 0098 
. 0 3 1 2 
. 0 6 9 7 
. 0 3 0 4 
1061 
0303 
.0 4 7 2 
. 0 2 9 9 
. 0 0 3 1 
. 0 1 6 3 
. 0 3 5 5 
. 0 1 0 2 
. 0 7 0 8 
. 0 2 8 7 
. 0 9 1 4 
. 0 3 6 8 
. 0 5 3 9 
. 0 3 2 4 
. 0 9 8 9 
. 0 2 5 8 
. 0 9 9 4 
. 0 3 2 9 
,1153 
.0 2 95 
1044 
0275 
08 7 2 
0279 
03 14 
0 253 
0094 
0 2 4 2 
w - 0 
0 
. / -o 
/ -0 
• / -0 
0 
w - o 
/ -0 
• / -0 
0 
w - 0 
0 
w - o 
0 
w - o w - 0 . 
0 
w - 0 
0 
w - o 
0 
w - 0 
/ - o . 
0 . 
/ -0 . 
/ - 0 . 
/ - o .' 
/ - 0 .' 
/ -0 . 
. 0 3 4 4 
. 0 4 3 8 
.0 4 0 9 
. 02 7 0 
. 0 1 7 3 
. 0 2 6 7 
. 0 1 6 8 
. 0 2 73 
. 0 1 7 7 
. 0 2 7 7 
. 0 2 9 0 
.0 2 2 5 
0144 
0267 
0084 
0 26 1 
0340 
0 160 
0 196 
0 083 
0 0 26 
0236 
0 2 2 1 
0297 
0225 
0269 
0563 
02 14 
0055 
0 2 7 7 
060 1 
0249 
0 2 0 6 
0235 
0 3 4 1 
02 3 3 
0243 
020 1 
0 4 0 8 
0 190 
w - 0 
w - 0 
W - 0 
0 
w - 0 
w - o 
w - 0 
W - 0 
0 
w - 0 
w - 0 
w -0 . 
w -0 . 
w - o ! 
w - o. 
0 . 
w - 0 . 
0 . 
w - 0 . 
0 . 
w - 0 . 
0 . 
w -0 . 
0 . 
w -0 . 
0 . 
• / - 0 . 
0 . 
w -0 . 
.0 0 8 0 
.0 3 7 7 
.0 3 0 1 
. 0 2 3 7 
. 0 1 0 3 
. 0 2 3 5 
. 0344 
.0 23 9 
. 0 1 3 6 
.0 2 2 0 
. 0 1 1 4 
. 0 2 0 7 
.033 1 
. 0236 
.0 0 63 
0206 
0 2 7 2 
0 1 4 1 
0 2 4 5 
0 0 7 2 
0314 
0 2 0 4 
023 1 
0252 
0025 
022 1 
0209 
0 18 1 
0224 
0238 
0156 
0214 
04 18 
0 20 5 
05 19 
0 20 1 
0 3 2 2 
0 17 7 
0 3 0 8 
0 170 
0 . 0 3 1 6 
w - 0 . 0 3 35 
- . 0 0 7 8 
w - 0 . 0 223 
0 . 0 1 9 5 
w - 0 . 0 2 0 4 
- . 0 2 2 2 
w - 0 . 02 1 0 
- . 0239 
w - 0 . 0 1 94 
0 . 0 0 8 6 
w -0 . 0 1 83 
- . 0249 
W - 0 . 0230 
0 . 0 1 2 4 
w - 0 . 0 1 8 2 
0 . 0 1 9 2 
W - 0 . 0 1 3 0 
- . 0 1 0 3 
W - 0 . 0 0 6 4 
0 . 0 1 4 1 
W - 0 . 0 1 80 
0 . 0 1 0 7 
w - 0 . 0 2 3 5 
0 . 0 3 4 0 
w - 0 . 0 2 0 0 
- . 0 0 5 1 
w -0 . 0 162 
0 . 0 1 1 4 
w - 0 . 0 2 1 9 
0 . 0 2 9 1 
w - 0 . 0 1 9 3 
0 . 0 0 8 1 
• / - 0 . 0 1 80 
0 . 0 0 0 7 
w - 0 . 0 1 82 
0 . 0 3 8 9 
w -0 . 0 159 
0 .0 296 
* / - 0 . 0 1 5 4 
1 . 3200 
1 . 3 5 5 0 
1 . 4 6 2 0 
1 . 5 1 4 0 
1 . 5 4 6 0 
1 . 6 0 6 0 
1 . 6 5 3 0 
1 . 7 0 5 0 
1 . 7 4 1 0 
1 . 8 0 0 0 
1 . 8 4 3 0 
- . 0 2 5 8 
w - 0 . 0 2 9 7 
0 . 0 2 6 2 
w - 0 . 06 5 5 
- . 0 6 7 1 
w - 0 . 0370 
- . 0874 
w - 0 . 0458 
- . 0145 
' / -0 . 0 4 1 8 
- . 0 2 1 1 
• / - 0 . 0 5 0 5 
- . 0 148 
> / - 0 . 0 3 9 * 
0 . 0 4 5 6 
/ - 0 . 0 4 8 5 
0 . 0 4 5 8 
/ - 0 . 0 4 5 9 
0 . 0 3 5 5 
/ • 0 . 0 6 6 0 
0 . 0 1 5 0 
/ - 0 . 0 4 8 9 
- . 0 169 
w - 0 . 0 2 6 2 
0 .04 7 7 
w - 0 . 0 5 8 1 
0 . 0 0 4 0 
W - 0 . 0323 
- . 0 3 7 1 
w - 0 . 0 4 0 9 
- . 0097 
w - 0 . 035 1 
0 . 0 1 3 0 
• / - 0 . 0365 
- . 0 2 1 0 
w - 0 . 0 2 8 9 
- . 0 1 3 7 
• / - 0 . 0 3 2 8 
0 . 0 5 1 9 
w - 0 . 0 3 0 5 
0 . 0 6 9 4 
w . O . 0 38 4 
0 . 0 2 7 5 
• / - 0 . 0 4 1 9 
- .04 0 9 
w - 0 . 0 2 1 2 
- . 0 5 5 8 
w - 0 . 0 5 0 7 
0 . 0 4 1 6 
• / - 0 . 0 2 5 6 
- . 0 145 
- / - 0 . 0326 
0 . 0 1 6 9 
W - 0 .0 28 1 
0 . 0 0 4 3 
W - 0 . 0336 
- . 0 3 0 4 
W - 0 . 0 2 6 2 
- . 0004 
W - 0 . 0 3 3 4 
0 . 0 3 5 1 
w - 0 . 030 1 
0 . 0 6 4 2 
• / - 0 . 0 3 5 7 
0 . 0 8 2 4 
w - 0 . 0 3 5 5 
0 . 0 5 8 0 
w - 0 . 0 1 7 4 
- . 0 0 3 3 
w - o . 0 4 90 
0 . 0 5 0 6 
w -0 . 0 2 1 2 
0 . 0 2 7 3 
w - 0 . 0 3 0 2 
0 . 0 5 6 9 
w - 0 . 0246 
0 . 0 2 5 1 
w -0 . 0333 
0 . 0 1 3 7 
W - 0 .0 23 0 
0 . 0 0 8 9 
w - 0 . 0 2 7 7 
0 . 0 3 8 1 
w - 0 . 0 2 6 0 
0 . 0 0 9 1 
w -0 . 03 1 7 
0 . 0 5 4 7 
• / - 0 . 0 3 5 2 
- . 0 0 5 9 
- / -0 . 0 153 
- . 0 3 6 2 
W - 0 . 0 4 1 5 
0 . 0 1 2 2 
w - 0 . 0 1 94 
- . 0 197 
w - 0 . 0 2 8 2 
0 . 0 1 2 6 
w -0 . 0215 
0 . 0 137 
w -0 . 03 16 
0 . 0 1 4 1 
W - 0 . 0 1 9 4 
0 . 0 3 0 3 
w - 0 . 0250 
0 . 0 3 0 2 
• / - 0 . 0 2 3 8 
- . 0 2 7 0 
w - 0 . 0 3 05 
0 . 0 6 9 5 
W - 0 . 03 1 4 
Table 5.3b Cont'd 
INCIDENT 
MOMENTUM 
( GEV / C ) 
0 2 / A O 03/AO 0 4 / AO 0 5 / AO 
0 .7300 
0 . 7 5 0 0 
0 . 7 7 0 0 
0 . 7 9 0 0 
0 . 8 1 0 0 
0 . 8 3 0 0 
0 . 8 5 0 0 
0 . 8 7 0 0 
0 . 9 1 0 0 
0 . 9500 
0 . 9 6 0 0 
0 . 9900 
1 . 0050 
1 . 0 4 5 0 
1 .0850 
1 . 1 2 5 0 
t . 1 6 5 0 
1 .2050 
1 . 2 4 5 0 
1 . 2 8 5 0 
1 . 3 2 0 0 
1 . 3 5 5 0 
1 . 4 6 2 0 
1 . 5 1 4 0 
1 .5460 
1 . 6060 
1 . 6 5 3 0 
1 . 7 0 5 0 
1 . 7 4 1 0 
1 . 8 0 0 C 
: . ? 4 3 o 
0 . 0 1 2 0 0 . 0 0 6 0 0 . 0 2 3 3 0 . 0 1 0 4 
• / -0 . 03 1 0 « / - 0 . 0 1 5 2 • / . 0 . 0 0 9 4 • / - 0 . 0 0 6 6 
0 . 0291 - . 0048 0 . 00 78 - . 00 1 5 
• / - 0 . 0 1 6 0 0 . 0 0 8 3 • / . 0 . 0 0 5 7 • / - 0 . 0 0 4 2 
0 . 0 5 8 8 - . 0 1 76 0 . 0 0 5 8 0 . 0 0 1 3 
• / - 0 . 0 1 6 2 ' / - 0 . 0090 • / - 0 . 006-1 « / - 0 . 0 0 4 5 
0 . 0 1 3 0 0 . 0 1 3 5 - . 0 0 0 5 - . 0 0 1 8 
• / - 0 . 0183 • / - 0 . 0 0 9 3 • / - 0 . 0 0 6 3 • / - 0 . 0 0 4 5 
0 . 0 4 9 2 0 . 0 1 1 1 0 . 0 0 2 2 0 . 0 0 2 2 
* / - 0 . 0188 • / - 0 . 0 0 9 8 • / - 0 . 0 0 6 0 • / - 0 . 0 0 4 4 
0 . 0 5 4 6 - . 0079 - . 0006 0 . 0 0 6 2 
• / - 0 . 0 1 8 2 W - 0 . 0 0 9 5 • / - 0 . 0 0 5 5 • / • 0 . 0 0 4 0 
0 . 0 5 8 1 0 . 0 0 3 7 0 . 0 1 1 6 0 . 0 0 3 6 
• / - 0 . 0 2 0 0 • / - 0 . 0 1 0 6 0 . 0 0 6 9 • / - 0 . 0 0 4 5 
0 . 0 6 3 8 - . 0 1 4 3 0 . 0 0 2 8 0 . 0 0 2 3 
• / - 0 . 0185 » / - 0 . 0 0 9 4 0 . 0 0 6 4 • / - 0 . 0 0 4 7 
0 . 0 8 9 4 - . 0 0 6 5 0 . 0 0 5 7 - . 0 0 0 4 
• / - 0 . 0124 0 0057 • / - 0 . 0 0 3 8 * / - 0 . 0 0 2 9 
0 . 0 6 8 3 0 . 0 0 2 7 0 . 0 0 4 0 0 . 0 0 0 4 
• / - 0 . 0 0 6 3 - / - 0 . 003 1 W - 0 . 0 0 1 9 • / - 0 . 0 0 1 4 
0 . 0 6 5 2 0 . 0 1 6 0 0 . 0 0 6 4 0 . 0 0 4 9 
• / - 0 . 0158 • / - 0 . 0 0 8 9 w - 0 . 0 0 5 9 • / . 0 . 0042 
0 . 0521 0 . 0 136 0 . 0 1 80 0 .0 08 1 
• / - 0 . 0 1 9 5 w - O . O U l » / - 0 . 0 0 7 3 * / - 0 . 0 0 5 5 
0 . 0 7 5 3 0 . 0 2 1 5 0 . 0 1 9 4 0 . 0 0 5 6 
• / - 0 . 0 1 6 0 w - 0 . 0 1 0 1 W - 0 . 0 0 6 5 • / - 0 . 0 0 4 7 
0 . 0 5 5 3 0 . 0 1 6 2 0 . 0 2 0 7 0 . 0 0 0 0 
• / - 0 . 0115 w - 0 . 0079 W - 0 . 0054 • / . 0 . 0039 
0 . 0 0 8 8 0 .0 1 93 0 . 0024 0 .005 4 
• / - 0 . 0 1 2 5 • / - 0 . 0 0 9 0 • / - 0 . 008 1 • / - 0 . 0 0 4 4 
0 . 0 3 3 1 0 . 0 3 0 3 0 . 0 1 0 6 0 . 0 0 3 0 
• / - 0 . 0 1 2 6 • ' - 0 . 0 0 8 5 • / - 0 . 0 0 5 8 • / - 0 . 0 0 4 1 
0 . 0502 0 . 032 1 0 . 00 1 9 0 . 0 0 1 8 
• / - 0 . 0 1 1 9 • / - 0 . 0078 0 . 0 0 5 2 • / - 0 .0 03 9 
0 . 0478 0 . 0240 - . 00 72 - . 0 0 3 3 
• / - 0 . 0 1 2 7 * / - 0 . 0 0 8 0 • / - 0 . 0 0 5 4 • / - 0 . 0 0 3 9 
0 . 0 1 8 0 0 . 0 1 7 1 - . 0 0 3 6 0 . 0 0 1 3 
• / - 0 . 0 1 1 2 • / - 0 . 0 0 7 1 • / • 0 . 0 0 4 7 • / • 0 . 0 0 3 4 
0 . 008 1 0 .0227 - . 00 08 0 . 0 0 0 9 
• / - 0 . 0115 W - 0 . 0 0 7 1 • / • 0 . 0 0 4 6 • / - 0 . 0 0 3 4 
0 . 0 1 97 0 . 0 1 2 7 0 . 0052 - .00 1 5 
• / - 0 . 0 1 2 7 • / - 0 . 0 0 8 0 • / • 0 . 0 0 5 4 • / - 0 .0038 
0 . 0 1 4 8 0 . 0 3 0 1 0 . 0 0 7 5 0 . 0 0 2 7 
• / - 0 . 0 2 5 9 • / - 0 . 0 1 7 3 • / - 0 . 0 1 0 9 • / - 0 . 0 0 8 1 
0 . 0 1 36 0 . 003 1 0 .0 152 0 . 0 0 4 5 
• / - 0 . 0 1 5 6 • / - 0 . 0 1 0 4 0 . 0 0 7 0 • / - 0 . 0 04 8 
0 . 0 1 3 0 0 . 0 0 5 4 0 . 0 0 4 0 0 . 0 0 4 3 
* / - 0 . 0 1 9 3 • / - 0 . 0 1 1 6 • / - 0 . 0079 • / - 0 . 0056 
0 . 0005 - . 0 133 - . 0008 0 . 0 0 0 2 
• / - 0 . 0 1 6 8 w - 0 . 0 1 0 1 • / - 0 . 0 0 6 9 • / - 0 . 0 0 5 1 
0 . 0667 0 . 00 1 3 0 . 0 1 1 5 - .0 1 0 7 
• / - 0 . 0 2 6 7 • / - 0 . 0 1 45 w - 0 . 0 0 9 2 * / - 0 . 0072 
0 . 0 3 0 2 0 . 0 0 2 7 - . 0 0 0 9 - . 0 0 2 0 
• / - 0 . 0 1 8 9 w - 0 . 0 0 9 5 • / - 0 . 0 0 5 9 • / - 0 . 0 0 4 5 
0 .0736 0 . 0052 - . 0 1 08 - .0 1 30 
• / • 0 . 0 2 6 I w - 0 . 0 1 1 7 w . 0 . 0 0 9 0 • / - 0 . 0 0 6 5 
0 . 0 7 2 9 0 . 0 2 0 9 0 . 0 0 3 6 - . 0 0 6 8 
• / - 0 . 0 2 3 9 • / - 0 .01 1 1 . 0073 • / • 0 . 0 0 5 4 
0 . 08 1 8 0 . 040 1 0 .00 73 - .00 1 0 
• / - 0 . 0 3 1 9 • / - 0 . 0 1 4 2 w - 0 . 0 0 9 9 • / • 0 . 0 0 7 5 
0 . 0 9 8 4 0 . 0 1 6 4 - . 0 0 5 9 0 . 0 0 1 3 
• / - 0 . 0 2 6 5 w - 0 . 0 1 3 7 • / . 0 . 0 0 9 7 • / - 0 . 0069 
TABLE 5.3b ContrM 
Incident 
Momentum 
(GeV/c) 
i 
Number 
of 
Events 
Fr a c t i o n 
of 
TTV*(1385) 
F r a c t i o n 
of 
W"E (1385) 
F r a c t i o n 
of 
'e' A 
a(k~p-* ATT+T ) 
(mb) 
0.750 841 0.516 0.401 0.083 2.99 
+.016 + .015 +.005 +.11 
0.770 890 0.537 0.341 0.122 2.99 
+.012 + .014 + .007 +. 10 
0.790 899 0.485 0.324 0.191 3.35 
+.012 +.014 + .010 +.12 
0.810 871 0.461 0.377 0.162 3.60 
+.014 + .014 + .008 +.13 
0.830 944 0.439 0.376 0.185 3.46 
+ .014 +.014 + . 0 0 8 +.12 
0.850 871 0.456 0.355 0.188 3.20 
• 
+.016 +.013 +.011 +.11 
TABLE 5.4 : Channel f r a c t i o n s for the reaction k P •+ ATI IT 
as a function of incident momentum. 
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are shown i n Figure 5.10. Since the d i s t r i b u t i o n s are not corrected for 
the l o s s e s described i n Chapter 2, i t i s unreasonable to make any very 
2 4 -
strong conclusions regarding t h i s data. However, the m (TT TT ) and cosG 
d i s t r i b u t i o n s are well described. I n p a r t i c u l a r , the f i t to the TT+TT 
d i s t r i b u t i o n i s rather impressive since t h i s data was not used tc determine 
c o the values of a and b . At these incident momenta the Da l i t z plot i s o o 
dominated by TTTT s-wave e f f e c t s , 60% of the D a l i t z p l o t density coming 
from the 1e* A channel. 
5.7 CONCLUSIONS 
Throughout the incident momentum range of t h i s experiment, an 
enhancement observed at high dipion masses i n the TTTTA f i n a l s t a t e i s 
found to be well described by an e f f e c t paramatrized as an s-wave 7TTT f i n a l 
state i n t e r a c t i o n ( e ) . Previous studies show that the 1 e' e f f e c t also 
plays an important r o l e i n the reaction TT p-> TT+TT n near threshold. I n c l u s i o n 
of such an e f f e c t , together with TTZ(1385) quasi two-body processes, allows 
a good account to be given of the quasi two-body v a r i a b l e s . Furthermore 
a t lower momenta, i n the 0.500 to 0.580 GeV/c range, which i s devoid of 
confirmed resonance formation i n the s-channel, the 1 e* e f f e c t dominates 
the D a l i t z p l ot. This observation i s i n accordance with the observed 
dominance of the I = O cross-section found by Prevost and the large non-resonant 
e A DP03 amplitude found by Mast in the A(1520) region. 
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CHAPTER 6 
6.1 INTRODUCTION 
I n Chapter three of t h i s t h e s i s i t was shown that the A^, , C^ 
and D c o e f f i c i e n t s for the reactions k p -> I T + I (1385) and k p->- IT Z +(1385) 
could be rel a t e d to the corresponding set of s-channel p a r t i a l wave amplitudes. 
Each of the c o e f f i c i e n t s i s expressed as the r e a l part of a sum of products 
of p a r t i a l wave amplitudes (equations 3.10 and 3.12) . T r a d i t i o n a l l y , the 
extraction of these complex amplitudes follows one of two programs :-
( i ) Energy independent solution of the s e t of coupled b i l i n e a r 
equations implied by the expressions for da/dfi and p 1 do/dft. Due to the 
mm 
problems associated with the large number of ambiguities present for such a 
se t , a systematic procedure for generating a l l ambiguous solutions at each 
energy analysed i s required. The method of B a r r e l e t Zeros i s most widely 
used for t h i s purpose. 
( i i ) Paramatrization and f i t t i n g of c o e f f i c i e n t data by simple 
energy dependent forms for the s-channel p a r t i a l wave amplitudes. Resonant 
amplitudes are described by Breit-Wigner forms and non-resonant amplitudes 
by simple polynomials. Few parameters are used to describe data globally 
over as large an energy range as possible. 
Of the two methods, the Ba r r e l e t Zero analyses are l e a s t model 
dependent, involving only the s e l e c t i o n of the highest angular momentum enter-
ing the a n a l y s i s and the c r i t e r i a for imposing energy continuity on the various 
ambiguous solutions. Implementation of t h i s method requires rather p r e c i s e 
c o e f f i c i e n t data. Since the s t a t i s t i c a l s e n s i t i v i t y of the data obtained for 
the TTE(1385) channels i s low, an energy dependent method of a n a l y s i s w i l l be 
pursued. 
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In o utline, t h i s chapter w i l l contain a q u a l i t a t i v e description of 
the TT£(1385) f i n a l state data,together with an energy independent i n v e s t i g a -
tion i n the Survey-81 region. Additionally, a f u l l energy dependent p a r t i a l 
wave a n a l y s i s w i l l be performed over the e n t i r e energy range for which data 
i s a v a i l a b l e . A review of Y states i n the energy range of t h i s a n a l y s i s 
has been given i n Section 1.3, the parameters of the states given i n Table 1.1 
w i l l be used as input to the energy dependent p a r t i a l wave a n a l y s i s . 
Only the A , B Q, CQ and D. c o e f f i c i e n t s w i l l be used i n t h i s 
a n a l y s i s . P o l a r i z a t i o n data, obtained using the weak decay of the A ° , w i l l 
not be used since t h i s i s of low s t a t i s t i c a l s e n s i t i v i t y and increases computer 
storage space unacceptably. 
6.2 DATA FOR THE TTI(1385) QUASI TWO-BODY CHANNELS 
Figures 6.1 and 6.2 show the t o t a l a v a i l a b l e data sample for the 
IT +£ (1385) and TT X + ( 1 3 8 5 ) f i n a l s t ates as a function of incident momentum. 
Each c o e f f i c i e n t i s normalized by the quantity 
Ao = — 2 _ m a i = 1,2 (6.1) 
4TTX 1 
where a i s the p a r t i a l cross-section for the reaction k p -»-ATT+TT , 
ft i s the wavenumber of the incident k i n the o v e r a l l centre of mass and 
the a. are fractions of TT + E (1385) and TT E +(1385) channels extracted from the ATT+TT 
I 
f i n a l s t a t e by the program EXTRA. I n addition to the Survey-81 data, which 
covers the 0.730 to 0.850 GeV/c i n t e r v a l , the following data has been used :-
(i ) Previously published data given i n reference 6.1,which covers 
the 0.960 to 1.850 GeV/c range. This represents the r e s u l t of two separate 
Hydrogen Bubble Chamber exposures/ the method used to extract TT + E (1385) and 
IT £+(1385) quasi two-body f i n a l s t a t e s i s e s s e n t i a l l y i d e n t i c a l to that 
described i n Chapter Five of t h i s t h e s i s 0 A p a r t i a l wave a n a l y s i s of t h i s 
data has been performed and i s described i n reference 6.1. 
( i i ) Rather high s t a t i s t i c s data i n the narrow 0.850 to 1.000 GeV/c 
i n t e r v a l . Results for the Air TT f i n a l s t ates are unpublished ; however, d e t a i l s 
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of the experimental method and data for the two-body f i n a l s t a t e s from the same 
experiment are described i n reference 6.2. The method used to ext r a c t the 
TTZ(1385) quasi two-body f i n a l s t a t e s i s based on a maximum li k e l i h o o d f i t t i n g 
of the D a l i t z plot density (given by equation 3.18)• Reference 6.3 gives 
d e t a i l s of t h i s method of an a l y s i s and checks performed on the consistency 
of the r e s u l t s with those obtained by program EXTRA. 
The entire data set used i s l i s t e d i n Table 5.3. Data sets for 
di f f e r e n t experiments j o i n smoothly ; there are no apparent d i s c o n t i n u i t i e s 
between d i f f e r e n t experiments. The cross-sections for production of TT + £ ( 1 3 8 5 ) 
and TT Z +(1385) channels, which are expressed i n terms of Ao ^figures 6.1 and 
6.2J , s u b s t a n t i a l l y r e f l e c t the structures seen i n the ATT+TT p a r t i a l c r o s s -
section Jsee Figure 2 . l i j . Both cross-sections show a shoulder between 
0.750 and 0.800 GeV/c corresponding to the complex region of SOK1670), 
013(1670) and D03(1690) formation. Above 0.900GeV/c, the T T + E ~ ( 1 3 8 5 ) channel 
i s dominant £see Figure 6« l J# & cl e a r enhancement i s seen i n the 1.00 to 1.30 
GeV/c i n t e r v a l where D15(1765), D05(1830) and F05(1815) formation i s a n t i c i -
pated to occur. Above 1.30 GeV/c, the TT + E (1385) cross-section f a l l s r apidly, 
(see Figure 6.2^ displaying a shoulder at about 1.60 GeV/c, where the spin 7/2 
F17(2030) and Go7(2100) states have been reported. The T T ~ Z + (1385) cross-
section i s l e s s structured and becomes comparable with that for the TT+£ (1385) 
channel only above 1.50 GeV/c. Due to t h e i r broadness, i t i s impossible to 
iden t i f y states of p a r t i c u l a r spin-parity with structures i n the cross-sections. 
To i d e n t i f y the angular momentum content of the s-channel, the c o e f f i c i e n t 
data must be examined. 
6.3 QUALITATIVE CONSIDERATIONS OF THE COEFFICIENT DATA 
Equations 3.10 and 3.12 allow the c o e f f i c i e n t , C , which paramatrize 
L 
6P/dQ and p 9 da/dft to be expanded i n terms of the p a r t i a l wave mm 
* This i s the so-ca l l e d Survey-3 experiment. 
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J l J 2 amplitudes T _' and T. _ 1 
L l L l L2 L 2 
Re 
J l * J 2 
L l L l L2 L 2 (6.2) 
J 1 ~ J 2 | ^ L ^ J 1 + J 2 
where the sum runs over the varia b l e s indicated for equation 3.12 
and € contains the appropriate Clebsch-Gordari c o e f f i c i e n t s . For the phy s i c a l 
7T +Z (1385) and IT £ + (1385) channels, each of the s-channel p a r t i a l waves 
contains admixtures of I = 0 and 1 = 1 components, dictated by SU(2) i s o s p i n 
Clebsch-Gordan c o e f f i c i e n t s . Thus, the product Re 
may be evaluated i n terms of pure isospin amplitudes :-
J l * J 2 
L l L l L 2 L 2 
Re L L L i i L2 L 2 
1 
+ 6 
Re S ( l ) R e T ( l ) + Im S ( l ) Im T (1) 
Re S(0)Re T(0) + Im S(0) Im T (0) 
2/6 
Re S( l ) R e T(0) + Im S ( l ) Im S (0) 
2 ^ 
Re S(0)Re T ( l ) + Im S (0) Im T ( l ) 
(6.3) 
where S(1)/S(0) and T ( l ) /T(0) correspond to the pure I = 1/pure 1 = 0 
+ -r e s p e c t i v e l y . The / signs J l J 2 parts of the p a r t i a l waves T 1 and T 1 L 1 L 1 ^ ^ L 2 L 2 
r e l a t e to f I (1385) and ^ l (1385) channels. Terms representing the 
interference of amplitudes with i d e n t i c a l i s o s p i n appear with the same sign 
i n each f i n a l s t a t e , interference of d i f f e r e n t i s o s p i n appear with opposite 
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s i g n s . Only i f d i f f e r e n t i s o s p i n amplitudes are o r t h o g o n a l , i . e . TT/2 out o f 
phase i n theArgand p l o t , should c o e f f i c i e n t s and c r o s s - s e c t i o n s i n d i f f e r e n t 
channels be i d e n t i c a l . 
On e v a l u a t i o n o f the Clebsch-Gordan c o e f f i c i e n t s and angular 
momentum f a c t o r s , £ , Ao may be expressed i n terras o f the p e r m i t t e d s-channel 
p a r t i a l waves which were described i n Chapter One o f t h i s t h e s i s :-
Ao = |SD1|2 + |PP1|2 + 2|PP3|2 + 2|PF3|2 
+ 2|DS3|2 + 2|DD3I 2 + ( 2 J + 1 ) I J | 2 (6.4) 
Hence, d i f f e r e n c e s i n s t r u c t u r e s observed i n the channel c r o s s - s e c t i o n s are 
due t o i n t e r f e r e n c e s o f p a r t i a l waves o f d i f f e r e n t i s o s p i n b u t i d e n t i c a l 
angular momentum co n t e n t . An example o f such an e f f e c t i s t h e enhancement 
o f the n +£ (1385) c r o s s - s e c t i o n between l.O and 1.3 GeV/c where 
F05(1815)-F15(1915) and D05(1830)-D15(1765)interferences occur. 
Turning t o the c o e f f i c i e n t data, the f o l l o w i n g observations can 
be made concerning the p a r t i a l wave expansions given by equation 3.10 and 3.12 
f o r -rrE(1385) f i n a l s t a t e s :-
( i ) Even -L c o e f f i c i e n t s are formed as a sum o f products o f 
l i k e - p a r i t y amplitudes ; odd -L c o e f f i c i e n t s are formed as a sum o f 
products o f u n l i k e - p a r i t y amplitudes . 
( i i ) The t o t a l angular momenta of amplitudes which may appear 
i n products f o r a c o e f f i c i e n t o f given order L are l i m i t e d by 
| J X - J 2 | S L * J x + J 2 (6.5) 
* 
( i i ) The B c o e f f i c i e n t s , which paramatrize p (cosO )dc/d ft, do 
not c o n t a i n J = ~ amplitudes. 
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The most s t r u c t u r e d c o e f f i c i e n t s are :-
( i ) For the TT +E"(1385) f i n a l s t a t e A^, B^ and i n the 0.70 
t o 1.10 GeV/c i n t e r v a l |see Figure 6.lJ . 
( i i ) For the TT~I +(1385) f i n a l s t a t e ,A2 and B 2 i n the 1.0 GeV/c 
re g i o n (see Figure 6.2). 
Since t h e s t r u c t u r e observed i n t h e 0.70 t o 1.10 GeV/c r e g i o n 
appears most pronounced i n t h e TT +E (1385) o d d - c o e f f i c i e n t data and i s 
common t o both A^ and jsee F i g u r e 6. l ] , i t i s due t o i n t e r f e r e n c e s o f 
d i f f e r e n t - i s o s p i n , u n l i k e - p a r i t y ^ a m p l i t u d e s . Regarding t h i s n ot as one 
s t r u c t u r e , b u t as two d i f f e r e n t e f f e c t s centred on 0 . 8 0 GeV/c and 1.0 GeV/c 
r e s p e c t i v e l y , t h e s-channel dynamics can be considered as a sum o f 5/2 
and = 3/2 resonant amplitudes i n t e r f e r i n g w i t h common, non-resonant, 
J9 = 3/2 + amplitudes. C l e a r l y , t h e D03(1690) and Dl5(1775) are good 
candidates f o r such resonances. A l t e r n a t i v e models which i n v o l v e 5/2 + 
resonances r e q u i r e a g r e a t e r number o f non-resonant amplitudes. 
The s t r u c t u r e s p r e s e n t i n both and B^ can c l e a r l y be i n t e r p r e t e d 
i n s e v e r a l ways. I n terms o f t h e approximations used t o e x p l a i n t he s t r u c t u r e s 
i n A^ and B^, these may be accounted f o r by the f o l l o w i n g terms which appear 
i n the p a r t i a l wave expansion i m p l i e d by equation 6.2 :-
i 12 i 12 * D 
( i ) | DS31 , IDD31 , Re (DD3 . DS3) f o r the CT= 3/2 D03 (1690) and Dl3(1670) 
resonant amplitudes i n the 0.80 GeV/c r e g i o n . 
( i i ) | DD512 , |DG5|2, Re (DD5* DG5) f o r the J P = 5/2" D05U830) and Dl5(1775) 
resonant amplitudes i n the 1.0 GeV/c r e g i o n . 
i 12 i 12 * D + 
( i i i ) IFP5I , |FF5| , Re (FP5 PFF5) f o r the J = 5/2 F05 and F15 
resonant amplitudes i n the 1.0 GeV/c r e g i o n . 
D i f f e r e n t - i s o s p i n i n t e r f e r e n c e e f f e c t s are c l e a r l y p resent since s i m i l a r 
s t r u c t u r e s are not seen i n t h e IT I (1385) data. I n t e r f e r e n c e s o f d i f f e r e n t 
s p i n resonances , represented by terms o f the form Re £ D S 3 * D D 5 j w i i l 
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also c o n t r i b u t e i n the r e g i o n o f o v e r l a p between D03(1690) and D15(1775). 
Since terms o f t h e form |DS3| and |DD3| do n o t c o n t r i b u t e t o the L = 4 
c o e f f i c i e n t s , an i n d i c a t i o n o f t h e onset o f J = 5/2 s-channel dynamics i s 
i I 2 * 
given by terms o f the form | DD51 and Re(DS3 DD5) . I n s p e c t i o n o f these 
L = 4 c o e f f i c i e n t s i n d i c a t e such e f f e c t s become impo r t a n t above 0.85 GeV/c. 
Spin 7/2 resonance s t r u c t u r e s are i n d i c a t e d by t h e L = 6 c o e f f i c i e n t s Ek . B,, and D / l . t o which p u r e l y s p i n 5/2 resonance c o n t r i b u t i o n s , from 6 6 6 6J 
I 12 t ,2 
terms such as |FP5| , |DD5 J , do n o t occur. Resonance terms such as 
• 12 i 12 r * i 
IGD71 and |FF7| togethe r w i t h i n t e r f e r e n c e terms such as Re IFF5 FF7 I 
and Re [DD5 GD7J w i l l determine t h e onset o f J = 7/2 e f f e c t s . I n s p e c t i o n 
o f Figures 6.1 and 6.2 r e v e a l s t h a t t h e L = 6 c o e f f i c i e n t s are c o n s i s t e n t 
w i t h zero below 1.35 GeV/c and show s t r u c t u r e a t 1 . 6 0 GeV/c, i . e . i n t h e 
r e g i o n o f the F17 (2030) and GO7(2l00) s t a t e s . 
Hence, much o f the resonance s t r u c t u r e obscurred i n the TT! (1385) 
channel c r o s s - s e c t i o n s , due t o the widths o f s t a t e s formed i n the s-channel, 
are evident i n the c o e f f i c i e n t data. A more q u a n t i t a t i v e approach w i l l now 
be attempted t o determine which p a r t i a l waves are most s i g n i f i c a n t i n t h e 
low-energy Survey 81 r e g i o n . 
6.4 QUANTITATIVE INVESTIGATION OF THE L = 3 COEFFICIENTS 
Given t he evidence presented i n t h e previous s e c t i o n t h a t J = 5/2 
amplitudes are not s i g n i f i c a n t i n the 0.730 t o 0.850 GeV/c range o f Survey 
81, i t i s p o s s i b l e t o e x t r a c t more d i r e c t i n f o r m a t i o n concerning t h e J = 3/2 
p a r t i a l waves from the L = 3 c o e f f i c i e n t s i n an energy independent manner. 
For each o f the two TTZ(1385) channels, t h e f o u r L = 3 c o e f f i c i e n t s are 
determined by the f o l l o w i n g mixed-isospin p a r t i a l wave products 
= Re [~PP3* DS3^ P 2 = Re jj>F3* DS3 
P 3 = Re O^ 3 * D D 3 J P 4 = R e j j * F 3 * D D 3 3 
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the r e l a t i o n s h i p s being :-
A3/Ao = O.O P 1 -5.367 P 2 - 3.22 P 3 + 4.293 P 4 (6.6) 
B /Ao = -0.805 P 1-0.268 P 2 - 0.805 P^ - 0.268 P^ (6.7) 
C3/Ao = 0.310 P x-0.155 P 2 - 0.155 P 3 - 0.310 (6.8) 
D /Ao = -0.077 P -0.155 P + 0.155 P - 0.077 P (6.9) 
Unique a n a l y t i c a l s o l u t i o n o f these f o u r simultaneous l i n e a r equations i s 
po s s i b l e i n terms o f the products P^, P 2, P^ and P^, given t h e values o f 
A , B t C and D a t each energy. An a d d i t i o n a l check on the v a l i d i t y o f 
~j -J —J J 
the assumption concerning the smallness o f higher spin-amplitudes comes 
from the c o n d i t i o n t h a t B^ = - B ^ p rovided ^ ^ \ amplitudes are ignored. 
Figure 6.3 shows the q u a n t i t y ( B ^ + B ^ / A Q , as a f u n c t i o n o f i n c i d e n t 
momentum, f o r both TT£(1385) f i n a l s t a t e s , which i s c o n s i s t e n t w i t h zero 
below 0.900 GeV/c The curve represents t h e p r e d i c t i o n f o r t h i s q u a n t i t y 
from a p a r t i a l wave a n a l y s i s described l a t e r i n t h i s chapter. 
Figures 6.4 and 6.5 show the products P^, P 2 # P^ and P^ as a 
f u n c t i o n o f i n c i d e n t momentum, f o r TT +E (1385) and TT £+(1385) f i n a l s t a t e s . 
For both channels, the products P.^  and P^ are most s i g n i f i c a n t and are 
s t r u c t u r e d over t h e Survey-81 i n c i d e n t momentum range. This i n d i c a t e s 
t h a t s t r o n g resonant couplings o f the 003(1690) and D13(1670) s t a t e s may 
be a n t i c i p a t e d t o both DS3 and DD3 waves. The dominant = 3/2 + non-
resonant amplitudes i s the PP3 p a r t i a l wave. 
6.5 THE PARAMATRIZATION OF AMPLITUDES 
The energy dependent p a r t i a l wave a n a l y s i s o f the c o e f f i c i e n t data 
has been undertaken using the now standard program APPLE developed a t t h e 
Saclay Laboratory and m o d i f i e d by t h e I m p e r i a l C o l l e g e / R u t h e r f o r d Laboratory 
C o l l a b o r a t i o n . I n i t s present form, t h i s program has been e x t e n s i v e l y usee} 
f o r the a n a l y s i s o f se v e r a l two-body and quasi-two-body f i n a l s t a t e s o f kN 
i n t e r a c t i o n s . D e t a i l s o f the energy dependent p a r a m a t r i z a t i o n s and the 
K " p - * T C - I + (1385) 
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method of an a l y s i s used are given i n references 6.1,6.3 and 6.4. 
In p r i n c i p l e , each amplitude may contain a sum of resonant and non-
resonant par t s . Resonant amplitudes are represented by n o n - r e l a t i v i s t i c 
Breit-Wigner forms :-
t i<t> T = — - — . e T (6.10) R . e - l 
where <J> represents a rotation of the resonant amplitude i n the Argand 
plane, t i s the amplitude at resonance and 
2(E -E) 
e = (6.11) 
r(E) 
Energy dependence of the f u l l width, T ( E ) , i s represented by B l a t t and 
Wiesskopfbarrier factors v ^ ( k r ) , expressed i n terms of the incoming o r b i t a l 
angular momentum I and the incident centre of mass momentum k :-
k v £ ( k r ) 
r(E) = r ( E R ) . — (6.12) 
where E and k are the values of centre of mass energy, E, and k evaluated R R 
at the position of the resonance. The functions v^(kr) are evaluated i n 
terms of the e f f e c t i v e range of the strong i n t e r a c t i o n r , which i s taken 
to be 1 Fermi, and are l i s t e d i n Table 6.1. 
Assuming that the p a r t i a l widths i n the e l a s t i c and TT£(1385) channels, 
T and T., have i d e n t i c a l energy dependence, then the amplitude at resonance, 
t has the energy independent value :-
W r e ( E R ' 
5 ( 6 ' 1 3 > 
r (er> 
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Non-resonant background amplitudes were chosen t o have t h e form 
[ T = / B B^ ' R(E ) exp| i 0 (E ) B x< 
where R(E ) and o(E ) are Legendre polynomial expansions 
M 
(6.14) 
R(E ) = a P (E ) (6.15) 
m m 
m=0 
N 
0(E ) = b_ P_ (E ) (6.16) 
n=0 
n n 
N and M being the maximum or d e r s o f expansion. These are expressed i n terms 
o f the normalized energy v a r i a b l e :-
4 
2E- E - E . 
1 max mm IC_ , n. E - (6.17) 
E - E . max min 
where E i s the maximum energy o f the f i t t e d range and E . i s the max 3 rain 
i i 
l owest enerov. When E = E , E = + 1 and when E = E . , E =-1. B a r r i e r ^ 2 max min 
e f f e c t s , which depend on the i n c i d e n t and f i n a l s t a t e angular momenta , 
i / T 
£ and I , are represented i n terms o f the energy dependent f a c t o r ^ B 0B. , 
E v 0 ( k r ) _ k max Jl 
Bi ~ k * E * v (k r) ( 6 - 1 8 ) 
max I max 
where k i s the centre o f mass momentum f o r t he i n i t i a l s t a t e max 
evaluated a t the maximum energy o f the a n a l y s i s . An i d e n t i c a l expression 
e x i s t s f o r B^ i n terms o f the f i n a l s t a t e momentum q. 
The b a r r i e r f a c t o r s , used i n the expressions f o r t h e f u l l w i d t h and the 
background amplitudes #ensure t h a t t h e p a r t i a l waves embody energy dependence 
which i s i n accordance w i t h t h e r e s u l t s o f p o t e n t i a l t h e o r y . Such energy 
L v L(R) 
0 i i 
i 
1 
2 2 i R / (1 + R ) 
2 4 2 4 S R / (9 + 3 R + R ) 
3 
6 2 4 6, R /(225 + 4 5 R + 6 R + R ) 
4 R 8/(11025 + 1575 R2 + 135 R4 + 10 R6 + R 8) 
TABLE 6.1 B l a t t and Weisskopf b a r r i e r f a c t o r s 
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behaviour suppresses higher angular momentum background amplitudes and the 
low energy t a i l s o f r a t h e r wide resonances near t h r e s h o l d f o r the *r!!(1385) 
channel. 
Free parameters used i n f i t t i n g the TTE(1385) channels w i l l be t 
and (J) f o r each resonance i n each p a r t i a l wave, togethe r w i t h the background 
parameters r e q u i r e d . Masses and widths of s t a t e s w i l l be con s t r a i n e d t o 
the values given i n Tables 1.1 and L 2 , F i t t i n g o f parameters i s performed 
2 
using a minimum x method. 
b.6 DEVELOPMENT OF PARTIAL WAVE SOLUTIONS 
Two r a t h e r d i f f e r e n t methods have been used t o develop energy 
dependent s o l u t i o n s f o r the p a r t i a l wave amplitudes. F i r s t l y , t h e p r e v i o u s l y 
p u b l i s h e d nE(1385) s o l u t i o n has been extended i n energy, so as t o preserve 
those s t r u c t u r e s already described i n reference 6.1. Secondly, a new 
s o l u t i o n has been developed i n order t o e x p l o i t the p r o x i m i t y o f the SOl(1670), 
Dl3(1670) and D03(1690) s t a t e s , which c o n s t r a i n t he behaviour o f the lower 
angular momentum amplitudes. I n a d d i t i o n , the s t r o n g i n t e r f e r e n c e e f f e c t s 
discussed i n Section 6.4 w i l l determine the low energy behaviour o f t h e PP3 
amplitude. 
6.6.a The Extended Energy Range S o l u t i o n 
The previous p a r t i a l wave a n a l y s i s preference 6 . l j o f the TTE(1385) 
channels ,performed by the RL/IC group^covers the centre o f mass energy 
range 1775 t o 2170 MeV. Couplings o f the e s t a b l i s h e d P03(1900), 005(1830), 
D15(1775), F05(1820), F15(1906) and Fl7(2040) s t a t e s were observed t o t h e 
p e r m i t t e d p a r t i a l waves. I n a d d i t i o n , evidence was seen f o r the less w e l l 
e s t a b l i s h e d SOl(1825), D13(1920) andF05(2loO) s t a t e s . Non-resonant back-
grounds were found necessary i n a l l amplitudes w i t h J £~*/2 ?the exceptions 
being SD01, FP05 and FF05. F i n a l r e s u l t s o f t h i s a n a l y s i s are given i n 
Table 6.2. 
I n order t o extend the energy range o f t h i s a n a l y s i s and in c l u d e new 
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data, the f o l l o w i n g procedure was adopted :-
( i ) A l l resonant amplitudes p r e v i o u s l y found were f i x e d and the 
s o l u t i o n reconverged w i t h the background amplitudes f r e e . As expected, t h e 
q u a l i t y o f the f i t was r a t h e r poor, no account being given o f the s t r u c t u r e s 
i n the 0.800 GeV/c r e g i o n . 
( i i ) Resonant amplitudes f o r the w e l l e s t a b l i s h e d SOl (1670), 
Dl3(167o) and D03(1690) s t a t e s were in t r o d u c e d i n t o t h e p e r m i t t e d p a r t i a l 
waves and the s o l u t i o n reconverged w i t h backgrounds and resonant amplitudes 
2 
f r e e . This s o l u t i o n gave a x of 1930 f o r 1561 degrees o f freedom. 
( i i i ) An attempt was then made t o reconverge t h i s s o l u t i o n w i t h t h e 
a d d i t i o n o f vari o u s l e s s w e l l e s t a b l i s h e d s t a t e s . F i r s t l y , t h e P l l { 1 6 7 5 ) 
2 
and Pll(1870) s t a t e s were added t o the PP11 amplitude g i v i n g ar improved \ 
of 1857 f o r 1559 degrees o f freedom. The Pll(1675 ) showed a s t r o n g resonant 
s i g n a l , w h i l e the P l l ( 1 8 7 0 ) h a d a less pronounced resonant amplitude. 
A d d i t i o n o f the D03{1815) and F15(2130) s t a t e s r e s u l t e d i n n e i t h e r an 
2 
appreciable decrease i n x n o r d i d they show s t r o n g resonant amplitudes. 
2 
The f i n a l s o l u t i o n has a X per degree o f freedom o f 1.19. Masses 
and widths o f s t a t e s used, togeth e r w i t h the f i n a l resonant amplitudes, are 
given i n Table 6.2. I n c l u s i o n o f new data has not appreciably changed t he 
resonant amplitudes found p r e v i o u s l y . I n p a r t i c u l a r , t he Survey 3 data i n 
the 0.870 t o 1.00 GeV/c i n t e r v a l , which covers t h e low energy t a i l o f the 
D15(1775), has not a f f e c t e d i t s couplings t o DD15 o r DG15 p a r t i a l waves. 
Large resonant amplitudes i n both DD03 and DS03 p a r t i a l waves f o r the D03(1690) 
i n d i c a t e t h a t t h i s s t a t e i s res p o n s i b l e f o r c o e f f i c i e n t s t r u c t u r e s i n the 
0.800 GeV/c r e g i o n . 
6.6.b The New S o l u t i o n 
S t r u c t u r e seen i n the v+Y. (1385) A^ and c o e f f i c i e n t s jlsee 
f i g u r e s 6.1 and 6 . 2 J was shown i n Section 6.4 t o be c o n s i s t e n t w i t h t h e 
i n t e r f e r e n c e o f a s t r o n g j p = 3/2 background amplitude w i t h = 3/2~ 
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resonant amplitudes due t o s-channel f o r m a t i o n o f D13(1670) and D03(1690) 
s t a t e s . Hence, t h e presence o f narrow resonances i n t h e Survey-81 r e g i o n 
can place c o n s t r a i n t s on the lower angular momentum p a r t i a l waves, which 
p r e v i o u s l y contained no s t a b l e resonant s t r u c t u r e . I n order t o e x p l o i t 
t h i s f a c t , a n e n t i r e l y new s o l u t i o n has been developed. This not o n l y 
includes the new data described i n Section 6.2, but makes use o f the 
improved parameters a v a i l a b l e f o r some o f the p o o r l y confirmed s t a t e s 
described i n Section 1.3. 
C l e a r l y , one very important f e a t u r e o f an acceptable energy depend-
ent p a r t i a l wave s o l u t i o n i s t h a t i t should c o n t a i n as l i t t l e a r b i t r a r y 
s t r u c t u r e and as few f r e e parameters as p o s s i b l e . TO observe t h i s c r i t e r i a , 
the f o l l o w i n g procedure has been adopted t o f i t c r o s s - s e c t i o n s and c o e f f i c i e n t 
data f o r the TTZ(1385) channels. 
( i ) A f i t t o the data was performed i n c l u d i n g o n l y the w e l l e s t a b l i s h e d 
s t a t e s l i s t e d i n Table 1.1. No background amplitudes were in c l u d e d and t h e 
only f r e e parameters were the amplitudes a t resonance i n each p e r m i t t e d 
p a r t i a l wave f o r the f o l l o w i n g s t a t e s : SOI(1670), P03(1896), D03(1690), 
013(1670), D05(1823), Dl5(1775), FD5(182o), Fl5(1930), F17(2040)and G07(2110). 
2 
However the q u a l i t y o f f i t was poor, x having a value o f 7365 f o r 1609 degrees 
of freedom. 
( i i ) Those s t a t e s which are described as p o o r l y e s t a b l i s h e d i n 
Table 1.1 were then i n t r o d u c e d , i . e . SOK1810), S1K1768), S l l (1925) , POl (1580) , 
P01 (1850) , P1K1670), P1K1870), Dl3(1920), F05(2115) and F15 (2o60) . With 
2 
a l l resonant amplitudes f r e e , an improved value o f x = 4584 f o r 1597 degrees 
of freedom was o b t a i n e d . As such, no account was given f o r the s t r u c t u r e s 
seen i n the ir+Z (1385) B^, A^, B 3, C 3 or c o e f f i c i e n t s and t h e TT"Z + (1385) 
c o e f f i c i e n t i n the 0.700 t o 1.200 GeV/c range. C o e f f i c i e n t s which do not 
i n v o l v e i n t e r f e r e n c e between amplitudes o f d i f f e r e n t J^, i . e . Ao and Bo, were 
moderately w e l l described. 
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( i i i ) To overcome the d i f f i c u l t i e s described previousLy, background 
amplitudes were introduced* A systematic method, economical on computer 
time, was used t o i n v e s t i g a t e the importance o f v a r i o u s non-resonant 
amplitudes. A l l o f the resonant amplitudes f o r 4* and low-* s t a t e s were 
f i x e d a t the values found i n ( i i ) above. Then, f o r each p a r t i a l wave i n 
t u r n , f i t s were performed w i t h the parameters o f an N = M = 0 background 
2 
(as d e f i n e d by equation 6.14) f r e e . On t h e b a s i s o f x P^ z* degree o f 
freedom, background amplitudes were found necessary i n a l l amplitudes w i t h 
J< 5/2. With resonance parameters s t i l l f i x e d , a multi-background f i t 
was performed, w i t h two parameter backgrounds f r e e t o vary i n each a m p l i -
tude w i t h J <5/2. A subsequent f i t w i t h background and resonant a m p l i -
2 
tude f r e e t o vary gave a value x = 2451 f o r 1557 degrees o f freedom. The 
advantage o f t h i s method was t o preserve as much resonant s t r u c t u r e as 
p o s s i b l e i n the amplitudes. 
( i v ) Although accounting f o r most o f the major trends and s t r u c t u r e s 
i n t h e c o e f f i c i e n t data, t h e f i t developed i n Stage ( i i i ) above d i d n o t 
describe the f u l l magnitude o f s t r u c t u r e s i n the T T + I (1385) B ,B o r C 
and the TT Z +(1385) B^ c o e f f i c i e n t s . A second i t e r a t i o n was performed t o 
a s c e r t a i n whether i n c l u s i o n o f n = M = 1 backgrounds (as d e f i n e d by equation 
6.14) were r e q u i r e d i n p a r t i c u l a r p a r t i a l waves. A l l resonant and back-
ground parameters were f i x e d . On a wave by wave b a s i s , i d e n t i c a l t o 
Stage ( i i i ) , the parameters o f N = M = 1 backgrounds were allowed t o vary. 
2 
Again, on the basis o f improved x per degree o f freedom higher order 
backgrounds were found necessary i n PP01, PP03, PP13, DS03 and FP15 a m p l i -
2 
tudes. A f i t w i t h a l l parameters f r e e t o vary gave a v a l u e o f x = 1862 
f o r 1533 degrees o f freedom. 
(v) Several o f the amplitudes f i t t e d contained two resonances, i n 
order t o r e l a x the c o n d i t i o n t h a t Breit-Wigner amplitudes should be p u r e l y 
imaginary a t t h e i r resonance masses ,the phases, <J># were allowed t o vary i n 
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various waves. Freedom of phase was permitted for the following resonant 
amplitudes : SDOl(1670) , SD0K1810), SDll(1768), SDll(1925), 0313(1670), 
DDl3(1670), DS13U920), DDl3(1920), FF05(1820), FF05{2115), FFl5(1930) and 
FF15(2060). 
Also, p a r t i c u l a r l y small resonant FP15(1930) and FP15(2060) amplitudes 
2 
were set to zero. This f i n a l solution gave a x P^r degree of freedom =1.14 
F i t t e d resonance parameters are given i n Table 6.2 and Argand diagrams for 
the p a r t i a l wave amplitudes are shown i n figure 6.6. Curves superimposed 
on the c o e f f i c i e n t data, shown i n figures 6.1 and 6.2, represent the r e s u l t s 
of the f i n a l 'New Solution*. Structures i n the 0.700 to 1.200 Gev/c i n t e r v a l 
are well accounted for i n a l l c o e f f i c i e n t s . I n p a r t i c u l a r , the f i t t e d 
J $ 5/2 ef f e c t s are negligible below 0.85 GeV/c, supporting the approxima-
tions made i n ca l c u l a t i n g the interference terms between = 3/2" and 
= 3/2 + amplitudes. Furthermore, the dominant = 3/2 + amplitude i s , as 
anticipated, the PP13. Most prominent of a l l the resonant amplitudes f i t t e d 
i s the DDO3(1690) and substantial DD15U775), DD05(1830) and FP05(1820) 
p a r t i a l waves were also found. 
6.7 COMPARISON OF RESULTS 
In t h i s section a comparison of the f i t t e d amplitudes found i n the 
solutions/described i n Sections 6.6.a and 6.6.b (referred to as P I T B and 
FIT A respectively) # w i l l be given. This i s undertaken to assess the s t a b i l i t y 
and s i g n i f i c a n c e of various structures found. 
Amplitudes a t resonance of each state f i t t e d are given i n Table 6.2 
for FIT A,FIT Band the solution published by the Imperial College/Rutherford 
Laboratory collaboration. Agreement between the larger f i t t e d amplitudes 
i s good. Smaller amplitudes are l e s s s t a b l e , as are those for l e s s well 
established s t a t e s . I n f a c t , the fluctuations of amplitudes i n Table 6-1 
probably represent the errors i n determination of the resonant amplitudes 
more than r e a l ambiguities between solutions. Amplitudes with magnitudes 
State Mass 
(MeV) 
Width 
(MeV) 
P a r t i a l 
Jave 
Resonant Amplj tude 
FIT A 
(Sect.6.6b 
FIT B 
(Sect .6.6. ei) 
RL/IC 
(Pof f ) . l 
CHS 
(ttoff>. l>) 
SOI(1670) 1670 35 SD01 - O.lO - 0.10 - - 0.18 
SOI(1810) 1810 215 SDOl - 0.10 - 0.08 - 0-06 -
S1K1750) 1768 105 SD l l 0.19 - - 0.18 
S1K1925) 1925 200 SD11 0.22 - - -
POK1580) 1588 187 PP01 - 0.18 - i 
I 
-
POK1870 1830 150 PP01 small - 0.18 
P1K1670) 1673 140 PP11 small 0.12 i 
i 
-
P1K1870) 1870 140 PP11 - 0.07 - 0.05 - -
P03(1900) 1896 104 PP03 0.11 0.06 +(small) -
PF03 0.15 0.12 0.13 -
D03(1690) 1690 62 DS03 0.10 0.07 - 0.27 
DD03 0.21 0.21 - -
D13(1670) 1670 60 DS13 - 0.07 0.03 - 0.11 
DDI 3 0.05 0.07 - -
D13(1920) 1920 215 DS13 - 0.07 - 0.07 - O.07 -
DDI 3 0.03 0.03 +(small) -
D05(1820) 1823 90 DD05 - 0.13 - 0.14 - 0.14 0.13 
DG05 +(small) +(small) +(small) -
D15(1775) 1775 120 DDI 5 0.15 0.17 0.18 0.20 
DG15 +(small) +(small) - f(small) -
F05(1820) 1820 50 FP05 0.13 0.14 0.17 0.21 
FF05 - 0.07 -( s m a l l ) - 0.07 -
F05(2115) 2115 190 FP05 - 0.10 - 0.05 - 0.07 -
FF05 - 0.05 +(small) + (small) -
F15(1930) 19 30 120 FP15 0.0 -( s m a l l ) +(small) -
FF15 - 0.05 O.O - 0.04 -
F15(2060) 2060 225 FP15 0.0 0.0 - -
FF15 - 0.04 - 0.05 - 1 
F17(2040) 2040 165 FF17 - 0.13 0.0 - 0.1" 1 
( FH17 small ; 0.0 (small) -
G07(2110) 2110 190 GD07 small 0.0 -
GG07 small 0,0 — — 
TABLE 6.2 : Amplitudes a t resonance f o r t he s t a t e s i n the vari o u s 
analyses described i n the t e x t 
(small amplitudes are those w i t h magnitudes less than 0.03 
and those magnitudes O-O have been s e t to z e r o ) • 
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less than O 03 have been regarded as small and are unstable i n sign. 
The largest stable amplitudes found i n both FIT A and FIT B are those 
f o r the DD wave coupling of the D03(1690). Consistent large amplitudes 
are also found f o r the D05(1775) and D05(1830) states. Clearly, these 
values r e f l e c t the f a c t t h a t the most prominent structures i n the c o e f f i c i e n t s 
are present between 0.700 and 1.200 GeV/c. 
Although the paramatrizations of the = 1/2 and = l / 2 + ampli-
tudes are somewhat d i f f e r e n t i n the various solutions, the f i t t e d values 
do follow the same approximate forms i n the Argand diagrams. An example 
of such behaviour i s the SD11 amplitude. S t a r t i n g from the amplitudes 
obtained f o r FIT A, the N = M = 0 background plus resonant amplitudes f o r 
Sll(1750) and Sll(1925) were replaced by an N = M = 1 background. A value 
2 
of x " 1811 f o r 1535 degrees of freedom was found. The SDll amplitude 
described a counterclockwise loop i n the Argand diagram, s i m i l a r t o t h a t 
of Figure 6.6 , without the cusp e f f e c t seen at 1850 MeV. However, on 
2 
the basis of x P e r degree of freedom,this a l t e r n a t i v e paramatrization i s 
c l e a r l y not as successful as t h a t containing more resonant s t r u c t u r e . 
Of the J*5 = 3/2+ amplitudes, the PP13 i s consistently found to be 
dominant and structured, w h i l s t the PF13 i s small and nearly n e g l i g i b l e 
i n the Survey-81 energy region. I n a l l three solutions, the P03(1900) 
i s found to couple strongly t o the PF03 amplitude. However, both FIT A 
and FIT B require a substantial non-resonant PP03 amplitude, which i s presumably 
constrained by the interference required at low energy w i t h the resonant 
D03(1690) amplitudes. 
Despite the presence of the Dl3(1670) i n DS13 and DDI3 p a r t i a l waves, 
resonant amplitudes of the Dl3(1920) have not been affected. Consistency i s 
seen f o r the DS13(1920) resonant amplitudes i n a l l three solutions. However, 
the small DDI3 amplitude i s rather f l u c t u a n t , stable amplitudes f o r 
D13(1670) and Dl3(1920) states coupling to t h i s p a r t i a l wave cannot be 
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found, there being a substantial background amplitude i n t h i s wave. 
Parameters of the = 5/2 p a r t i a l waves are w e l l defined, couplings 
to the f i n a l state D-wave being much greater than those to the f i n a l s t a t e 
G-wave. 
Results f o r the = 5/2+ sector are less s a t i s f a c t o r y . Both 
F05(1820) and F05(2115) have substantial resonant amplitudes i n the FP05 
p a r t i a l wave, but decouple from the FF05 p a r t i a l wave. No resonant st r u c t u r e 
was required i n the FP15 p a r t i a l wave. Consistent couplings of the F15(1930) 
and F15(2060) states to the FF15 p a r t i a l wave were not obtained, although i t 
seems clear t h a t these amplitudes are small and negative. 
F i n a l l y , a strong FF17(2040) amplitude was found to be responsible 
f o r structure i n the L = 6 c o e f f i c i e n t s , no FH17(2040) amplitude being 
required. Couplings of the G07{2110) were found to be consistently small. 
6.8 CONCLUSIONS 
New data f o r the TT +£ (1385) and TT £ + (1385) channels shows strong 
evidence f o r formation of = 3/2 s-channel resonances. This data i s 
compatible with data previously published and used by the Rutherford 
Laboratory/Imperial College collaboration i n a p a r t i a l wave analysis. 
Combining both sets of data, the energy range of t h i s analysis has been 
extended. Structures found previously are unaffected and a p a r t i c u l a r l y 
strong coupling of the D03 (1690) state to the DD03 p a r t i a l wave i s observed. 
S t a r t i n g afresh, a new p a r t i a l wave solution has been found. The features 
of t h i s s o l u t i o n are e s s e n t i a l l y i d e n t i c a l t o those previously published 
(reference 6.1 ) and again f i n d a strong DD03(1690) resonant amplitude. 
Dominant features of the data are explained i n terms of DD03(1690), DD15(1775) 
DD05(1830) and FP05(1820) resonant amplitudes. Lesser resonant amplitudes f o r 
DS03(1690), DD13(1690), SDOK1670), DS13(1920), FP05(2115) and FF15(2060) are 
also found to be stable. Less w e l l established states, which couple to the 
PP11, PPOl and SDll p a r t i a l waves, are wide and are not observed w i t h 
consistent parameters. The forms found f o r these p a r t i a l waves may be 
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replaced by completely non-resonant backgrounds. 
Results of the p a r t i a l wave analysis performed by the CH.S, 
Group (reference 6.5) are also given i n Table 6.2. As stated i n Chapter 
One, only the lower outgoing angular momenta were included f o r each 
sector by t h i s analysis. However, s i m i l a r conclusions are drawn as 
to the signs and magnitudes o f a l l the established resonances. I n agree-
ment with t h i s work, the dominant structure i s found t o be the 003(16-90)* 
but t h i s i s found i n the DS03 and not the DD03 p a r t i a l wave. The most 
important disagreement between the analyses concerns the sign of the 
large DDI5 amplitude. 
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CHAPTER 7 
7.1 INTRODUCTION 
From the p o i n t o f view o f p a r t i c l e symmetries, the r e a c t i o n 
k N •+ FT£ (1385) i s i n t e r e s t i n g f o r two reasons :-
( i ) I n terms of SU(3), the r e a c t i o n i s i n e l a s t i c and i s 
represented by :-
8 a 8 —> 8 a 10 (7.1) 
Ordinary two body f i n a l s t a t e s o f kN i n t e r a c t i o n s only probe the SU(3) 
e l a s t i c r e a c t i o n 
8 a 8 —> 8 0 8 (7.2) 
S i n c e , 
* 8 a 8 = 1 0 8^ , 9 8 n e 10 + 10 e 27 (7.3) 
r D 
and 
8 ® 10 = 8 + 10 + 27 + 35 (7.4) 
then, as a consequence of the f a c t t h a t baryons belong to 1, 8 and 10 
r e p r e s e n t a t i o n s o f SU{3) only, j u s t two amplitudes a r e r e q u i r e d to d e s c r i b e 
couplings o f baryon resonances to TTZ(1385) or TTA(1232) f i n a l s t a t e s , 
w h i l e four amplitudes a r e r e q u i r e d to d e s c r i b e c o u p l i n g s to the two-body 
TTN, kN , T T A and TTE f i n a l s t a t e s . I t i s a l s o c l e a r t h a t i s o s c a l a r 1 
members ( i . e . A's) may not couple to TTI(1385) channels, s i n c e 
8 a 10 4 1 • 
( i i ) As d e s c r i b e d i n S e c t i o n 1. 2 , each J v a l u e of the s-channel 
can couple to two f i n a l s t a t e o r b i t a l a ngular momenta, provided J > - j . 
With i n S U ( 6 ) , s t a t e s w i t h n e g a t i v e p a r i t y can be accommodated w i t h i n t h e 
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1 ^ 7 0 , 1 s u p e r m u l t i p l e t . A l l S and D wave decays of s t a t e s belonging to 
t h i s s u p e r m u l t i p l e t a r e d e s c r i b e d i n terms of j u s t two reduced p a r t i a l 
wave amplitudes. Hence, f o r example, the p a r t i a l decay widths f o r the D03(1690) 
seen i n DS03 and DD03 p a r t i a l waves a r e r e l a t e d . S i m i l a r l y , the 
decays of e x c i t e d p o s i t i v e p a r i t y s t a t e s , which a r e a s s i g n e d to the 
^56, 2 + J s u p e r m u l t i p l e t are determined by u n i v e r s a l P and F wave ampli-
tudes. 
C o n f i g u r a t i o n mixing between the A(1520) and A(1690) may be 
c a l c u l a t e d w i t h i n the SU(3) framework u s i n g the Gell-Mann/Okubo mass formula 
( r e f 7 . 1 ) a n d the r a t i o between s-wave p a r t i a l widths f o r TT£ (1385) decays. 
The two mixing angles found a r e i n disagreement. T h i s f e a t u r e has been 
known f o r a long time. I n S e c t i o n 7.2, i t w i l l be shown t h a t the new 
A(1690) amplitudes found i n Chapter S i x of t h i s t h e s i s do not r e s o l v e t h i s 
problem. A d d i t i o n a l mixings, p o s s i b l e w i t h i n SU(6)w schemes, w i l l be shown 
i n S e c t i o n 7.6b to account f o r the i n c o n s i s t e n c y i n SU(3) mixing angles 
and a r e c o n s t r a i n e d by the r e l a t i v e s t r e n g t h s D and S wave TT! (1385) ampli-
tudes f o r the A ( 1 6 9 0 ) . 
S e c t i o n s 7.6a and 7.6b w i l l be concerned w i t h the p r e d i c t i o n s o f 
SU(6)w models concerning other resonant amplitudes found i n Chapter S i x of 
t h i s t h e s i s . 
7.2 SU(3) IMPLICATIONS 
Although the observed hadronic quantum numbers a r e accommodated 
w i t h i n i r r e d u c i b l e r e p r e s e n t a t i o n s o f S U ( 3 ) , i t i s c l e a r t h a t s u b s t a n t i a l 
symmetry b r e a k i n g e f f e c t s a r e p r e s e n t . B a r y o n i c masses f o r members o f 
the = 3/2 + d e c u p l e t and J P = — + nonet show s p l i t t i n g s which depend 
s y s t e m a t i c a l l y on s t r a n g e n e s s . T h i s e f f e c t has been accounted f o r by 
the Gell-Mann/Okubo mass formula* 
For baryons, which belong to a p a r t i c u l a r i r r e d u c i b l e r e p r e s e n t a -
t i o n o f SU(3) l a b e l l e d by u (e.g. o c t e t , s i n g l e t , decuplet) and which 
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have charge l i k e quantum numbers l a b e l l e d by v ( i . e . s p e c i f i e d N,A,£,A e t c ) , 
masses are generated by an operator O, which transforms as a s i n g l e t under 
SU(3) :-
M(u,v) = < uv 101 uv > (7.5) 
Applying the Wigner-Eckart theorem 
P i VI 
M ( u , v) = C v ^ v < ] J I ° I p > 
(7.6) 
P I P 
I n an unbroken symmetry, the Clebsch-Gordan c o e f f i c i e n t s C 0 v , which a r e 
p r o d u c t s o f S U ( 3 ) i s o s c a l a r f a c t o r s and SU(2) i s o s p i n f a c t o r s , a r e a l l equal 
t o u n i t y and t h e masses f o r a l l members of a p a r t i c u l a r i r r e d u c i b l e r e p r e s e n t a -
t i o n a re d e g e n e r a t e . To introduce symmetry breaking e f f e c t s , O i s allowed 
to transform as a sum of s i n g l e t and o c t e t p a r t s under SU(3) :-
0 = 0l + 0 8 (7.7) 
Gell-Mann and Okubo j " r e f e r e n c e 7. 10 J 
have shown t h a t the f o l l o w i n g mass formulae h o l d under t h i s assumption :-
( i ) f o r d e c u p l e t s 
MU2) - M (4tT) = M - M( £) = Mil ) - M(A) 
i . e . equal-mass s p l i t t i n g s (7.8) 
( i i ) f o r o c t e t s :-
M(N) + M(/.) M(E) + 3M(A) 
v / . y ) 
2 4 
8 9 
A f u r t h e r consequence of the form taken f o r 0 i s the mixing o f 
s i n g l e t and o c t e t i s o s c a l a r s t a t e s , s i n c e :-
<- 8 | 0 1 I 1 - - 0 as 8 Q 1 <t 1 (7.lO) 
i 8 i ~ 8 O 1 " / 0 as 8 0 8 C 1 (7.11) 
An example of two such s t a t e s a r e the D03(1690) and D03(1520), f o r which a 
mass-mixing matrix can be de f i n e d :-
< 1 |0 I 1 > Ci I \ < 8 I 0 8 | 1 > 
< 8 0 
(7.12) 
8 When no symmetry breaking e f f e c t s are p r e s e n t ( i . e . when O = O), s i n c e 
8 1 1 i 1 8 
C A o A = 0 and C ^ o ^ = 0,the mixing matrix i s diagonal with mass 
, • , i 1 | eig e n v a l u e s < l | O | l > and < 8 | O | 8 > . When symmetry break i n g 
terms are p r e s e n t , d i a g o n a l i z a t i o n of t h i s matrix g i v e s the mixed o c t e t -
s i n g l e t p h y s i c a l wavefunctions as e i g e n v e c t o r s and the p h y s i c a l masses as 
ei g e n v a l u e s . W r i t i n g :-
| D03U520) > = s i n 0 | l > + cos 0 | 8 > 
| D03(1690) > = cos 0 |1 > - s i n 0 | 8 > 
qi v e s the mixing angle ,0 , i n terms of the mass e i g e n v a l u e s , m(1690) and 
m(1520), 
m - m(1520) 
cos 0 = (7.13) 
m(1690)-m(1520) 
w h e r e m,. = <8 I O I 8 > 
A v a l u e f o r t h e unmixed o c t e t member mass, m , may be deduced from t h e 
o 
Gell-Mann/Okubo mass f o r m u l a :-
m 2 M(N) - 2M('t—t ) - M ( Z) ] (7.14) 
The members o f t h e J P = 3/2~ o c t e t a r e t a k e n t o be N(1520),>: (1580) and 
• i (18 30), t h e masses b e i n g t a k e n from t h e 1980 P a r t i c l e Data Group T a b l e s . 
P o s s i b l e u n c e r t a i n t y i s a s s o c i a t e d w i t h t h e v a l u e s s i n c e t h e T. (1580) i s a 
p o o r l y o b s e r v e d s t a t e and a d e f i n i t i v e = 3/2 d e t e r m i n a t i o n has n o t been 
. o made f o r t h e s t a t e s . However, a v a l u e 0 = 20 i s f o u n d . 
SU(3) i s a l s o a v e r t e x symmetry f o r b a r y o n resonance decays. 
P o t e n t i a l t h e o r y a l l o w s t h e p a r t i a l w i d t h f o r such decays t o be w r i t t e n as : 
M 
= G 2 k B ( k ) . -
R 
(7.1^) 
I n t h i s e x p r e s s i o n , G i s a sum o f p r o d u c t s o f SU(3) Clebsch-Gord^n c o e f f i c i e n t s 
and SU(3) i n v a r i a n t a m p l i t u d e s f o r t h e d e c a y i n g resonance t o c o u p l e t o t h e 
o b s e r v e d f i n a l s t a t e . As an e x a m p l e , c o n s i d e r t h e decay A (1690) -* TT£(1385) : 
8 10 
cos 0 C 7T 
1 8 10 
„ - s i n 0 C '10 (7.16) 
where g ^ Q i s t h e u n i v e r s a l a m p l i t u d e f o r J = 3/2 o c t e t members 
c o u p l i n g t o SU(3) 8 ® 10 f i n a l s t a t e s . Dependence on t h e o r b i t a l 
a n g u l a r momentum o f t h e f i n a l s t a t e p a r t i c l e s , £ , i s embodied i n t h e b a r r i e r 
f a c t o r B ^ ( k ) , w h i c h i s expressed i n terms o f t h e c e n t r e o f mass decay momentum 
k. A f o r m w h i c h c o r r e s p o n d s t o t h e more r i g o r o u s B l a t t and Wiesskopf b a r r i e r 
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p e n e t r a t i o n f a c t o r s i n t h e l i m i t k r o i s chosen ^ see Chapter S i x H :-
B t ( k r ) = [ ^ ) (7.17) 
where M i s t h e n u c l e o n mass and r i s t h e r a d i u s o f t h e s t r o n g i n t e r a c t i o n ( = \^*\ \ 
N 
~ ~ ~ Q ^ Q * 
Since 8 0 10 0 1 , i . e . = O, o n l y t h e 8 component 
o f DO3(1520) and D03(1690) may c o u p l e t o t h e TTZ (1385) f i n a l s t a t e . 
Hence, 
C | ! l).io; j = cl l° S- c o s 0 9 1 0 (7.18) 
£ A < 1 5 2 O ) J 
£ A ( L 6 9 0 ) j 
G | ! C) i = -C^ L ° 5 s i n 0 g (7.19) 
and f o r S-wave decays t o T TI(1385) :-
m 2 n 1690 DS03(1S2Q) (1520) _ . Tan 0 = "p . ~ (7.20) 
1520 DS03(1690) (1690) 
Using t h e v a l u e s f o r t h e e l a s t i c i t y ( = 0.23)and t o t a l w i d t h ( = 63 MeV)for t h e A(1690) 
g i v e n i n r e f e r e n c e 7.1, t h e v a l u e s o f t h e S-wave a m p l i t u d e a t resonance f o r 
FIT A and FIT B g i v e n i n Ta b l e 7.1 i n d i c a t e t h a t t h e c o r r e s p o n d i n g p a r t i a l 
2 
w i d t h l a y s i n t h e range 1.3 $ FDS03 (1690) £ 2.7 MeV/c . Mast e t a l 
2 
qu o t e a v a l u e o f t h e ^1690) S-wave p a r t i a l w i d t h as 1.4 + 0.6 MeV/c and 
have f o u n d t h e A(1520) c e n t r e o f mass decay momentum, averaged o v e r t h e 
£(1385) w i d t h t o be, k 1 5 2 o = 2 5 M e V / c - F r o m t h i s d a t a > v a l u e s o f t h e 
o o 
m i x i n g a n g l e i n t h e range 64 £ 0 £ 72 a r e fo u n d . 
As such, t (1690) i s s u b j e c t t o l a r g e e r r o r s o f d e t e r m i n a t i o n . 
U n f o r t u n a t e l y , i t has n o t been p o s s i b l e t o p e r f o r m e r r o r a n a l y s e s f o r t h e 
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p a r t i a l wave s o l u t i o n s d i s c u s s e d . However, t h e r e s o n a n t a m p l i t u d e s f o u n d 
f o r t h e A(1690) appear s t a b l e t o t h e method used t o d e v e l o p t h e s o l u t i o n s , 
t h i s p r o v i d e s some c o n f i d e n c e i n t h e v a l u e s q u o t e d i n t h i s t h e s i s . Whatever 
t h e e r r o r s i n t ( 1 6 9 0 ) , t h e y w o u l d n o t accommodate a v a l u e o f T (1690)= 
2 
93 MeV/c / r e q u i r e d t o o b t a i n agreement w i t h t h e Gell-Mann/Okubo mass f o r m u l a . 
F u r t h e r m o r e , Plane e t a l p r e f e r e n c e 7.2 J p e r f o r m an SU(3) a n a l y s i s o f 
p a r t i a l w i d t h s f o r A , £ and N J P = 3/2~ o c t e t decays i n t o two and q u a s i - t w o 
body f i n a l s t a t e s u s i n g t h e e x p r e s s i o n f o r t h e p a r t i a l w i d t h g i v e n by 
o o 
e q u a t i o n 7.16. A v a l u e 0 = 25 _+ 6 i s f o u n d , w h i c h i s c o m p a t i b l e w i t h t h e 
v a l u e e x p e c t e d f r o m t h e mass f o r m u l a and i s c o n s t r a i n e d by t h e decay w i d t h s 
observed t o kN and TTZ f i n a l s t a t e s . Hence, t h e v a l u e o f 0 f o u n d f r o m 
the s t u d y o f TTZ (1385) f i n a l s t a t e s i s t o o l a r g e t o be accommodated w i t h i n 
t h e SU(3) m u l t i p l e t s t r u c t u r e o f t h e J P = 3/2 s t a t e s . I n t h e n e x t s e c t i o n , 
h i g h e r symmetries w h i c h embody p a r t i c l e s p i n and have a r i c h e r m u l t i p l e t 
s t r u c t u r e w i l l be i n v o k e d t o a c c o u n t f o r t h i s r e s u l t . 
7.3 THE S U ( 6 ) w g 0 ( 3 ) VERTEX SYMMETRY 
I n SU(6) w & 0 ( 3 ) schemes, baryons a r e c o n s t r u c t e d o f t h r e e s p i n -h 
q u a r k s w i t h r e l a t i v e o r b i t a l a n g u l a r momentum L. Baryon s p i n i s formed 
-> -> -> -> 
as a v e c t o r sum, J = L + S, where S i s t h e t o t a l quark s p i n . The 
f e r m i o n i c w a v e f u n c t i o n o f each b a r y o n must be t o t a l l y a n t i s y m m e t r i c and t h e 
SU(6) w a v e f u n c t i o n s formed by t h e c o m b i n a t i o n o f t h r e e f u n d a m e n t a l 6 
r e p r e s e n t a t i o n s a re e i t h e r s y m m etric ( S ) , a n t i s y m m e t r i c (A) o r o f mixed 
symmetry (M), a c c o r d i n g t o 
6 0 6 0 6 = 20 A © 70 M © 7 0 M + 5 6 S (7.21) 
Hence, i f N i s t h e SU(6) r e p r e s e n t a t i o n and P t h e p a r i t y o f s t a t e s , b a r y o n s 
may be a s s i g n e d t o t h e f o l l o w i n g s u p e r m u l t i p l e t s , i n t h e Q N ' L ^ 1 n o t a t i o n 
Q 5 6 , o + J = 2Ql e 4 i o 3 (7.22) 
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r - - • i 4 4 4 2 2 2 
Q_70, 1 J = 8 5 © 8 3 © 8 X « 8 3 9 8 1 8 10 (7.23) 
2 2 , 2 i o x © 1 © 1 
+ "1 4 4 4 4 2 2 5 0 , 2 = 10_ © 10_ © 10, © lO, © 8 r © 8 (7.24) J / b 3 1 5 3 
2s + l 
where t h e n o t a t i o n has been used t o g i v e t h e c o m p o s i t i o n o f super-
m u l t i p l e t s i n terms o f SU(3) r e p r e s e n t a t i o n s . I t i s a l s o p o s s i b l e t o 
c o n s t r u c t | 20, 1 + | and j j o , 0 + J and Q 70, 2+ ~\ s u p e r m u l t i p l e t s . 
As a v e r t e x symmetry, t h i s scheme as i t s t a n d s f a i l s . Decays such 
as A -— • PTT are f o r b i d d e n on t h e grounds o f a n g u l a r momentum c o n s e r v a t i o n . 
To overcome t h i s d i f f i c u l t y , t h e s t a t i c q uark s p i n o f SU(6) i s r e p l a c e d by 
dynamic W-spin o f SU(6) . The r e p l a c e m e n t o f SU(S) by SU(6) f o r decay processes 
w w 
i s d e s c r i b e d i n a r e v i e w by Rosner | r e f e r e n c e 7.3 . 
W i t h an SU(6) 8 0( 3 ) v e r t e x symmetry, t h e decays o f e x c i t e d w 
,+• I 70, 1 1 and |_56,2 J baryons t o p s u e d o s c a l a r [~ 35,0 J meson p l u s g r o u n d -
s t a t e [7^6, 0 + J b a r y o n , a r e d e s c r i b e d i n terms o f one a m p l i t u d e p e r super-
m u l t i p l e t , s i n c e :-
35 a 56 = 56 © 70 © 700 © 1134 (7.25) 
Hence, f o r t h e |_70,1 J s u p e r m u l t i p l e t S and D wave decay a m p l i t u d e s 
are r e l a t e d ; f o r t h e [_ 5 6 , 2 + ' s t a t e s P and F wave a m p l i t u d e s a re r e l a t e d . 
These c o n s t r a i n t s p r o v e t o o s t r i n g e n t t o accommodate t h e o b s e r v e d decay 
r a t e s , so t h e y a r e r e l a x e d . Two d i f f e r e n t t h e o r e t i c a l e x p l a n a t i o n s have 
been prop o s e d t o ac c o u n t f o r such b r e a k i n g o f t h e SU(6) symmetry. For 
w 
s t a t e s b e l o n g i n g t o t h e [7 0 , 1 ^ | s u p e r m u l t i p l e t , Hey e t a l [~_reference 7.4 
p e r f o r m an a n a l y s i s m o t i v a t e d by t h e Melosh t r a n s f o r m , w h i l e Fainian and 
Plan e p r e f e r e n c e 7.5_J j u s t i f y t h e i r a n a l y s i s i n terms o f L-broken 
SU(6) & 0 ( 3 ) . Both o f th e s e approaches are d i s c u s s e d i n t h e r e v i e w by w 
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Rosner |_ r e f e r e n c e 7.3 J 
I n the m i n i m a l s u p e r m u l t i p l e t scheme, i t has been p o s s i b l e t o a s s i g n 
• 
a l l n e g a t i v e p a r i t y Y s t a t e s o b s e r v e d (see Table 1.1) w i t h t h e e x c e p t i o n 
o f t h e G07(2lOO) i n t h e Q 7 0 ' 1 " ] 
s u p e r m u l t i p l e t . A l l g r o u n d s t a t e b a r y o n s 
may be a s s i g n e d t o t h e | 56 , 0 + | s u p e r m u l t i p l e t , t h e r e m a i n i n g p o s i t i v e 
p a r i t y s t a t e s , w i t h t h e e x c e p t i o n o f t h e e x c i t e d P01 s t a t e s , a re a s s i g n e d 
t o t h e [ 5 6 , 2 + ~| s u p e r m u l t i p l e t . F i g u r e s 7.1 and 7.2 show t h e assignments 
o f s t a t e s and t h e m i x i n g s p o s s i b l e w i t h i n t h e [ j O , l |and |56,2 + | super-
m u l t i p l e t s r e s p e c t i v e l y . The A(1690) i s now formed by t h r e e way m i x i n g 
2 4 2 
between t h e A 8^, A 8^ and A 1 ^ s t a t e s , f o r w hich t h r e e m i x i n g a n g l e s a re 
r e q u i r e d . M i x i n g p a r ameters r e q u i r e d f o r t h e s t a t e s , i n d i c a t e d i n F i g u r e s 
7.1 and 7.2, a r e d e t e r m i n e d i n one o f two ways :-
( i ) P henomenological f i t t i n g o f decay w i d t h d a t a . 
( i i ) E x p l i c i t q uark model c a l c u l a t i o n s . 
These approaches w i l l be d i s c u s s e d i n S e c t i o n s 7.4 and 7.5. 
7.4 PHENOMBNQLOGICAL MIXING MODELS 
A l t h o u g h somewhat d i f f e r e n t i n t h e o r e t i c a l m o t i v a t i o n , t h e Hey e t 
a l [HLC] and Faiman/Plane £ F P ] a n a l y s e s o f | j O , l J s u p e r m u l t i p l e t 
decay s t a t e s a r e i d e n t i c a l i n p h e n o m e n o l o g i c a l c o n t e n t . I f G i s 
r e p l a c e d by a sum o f p r o d u c t s S U ( 6 ) ^ i s o s c a l a r f a c t o r s and m i x i n g p a r a -
m e t e r s , p a r t i a l w i d t h s may be c a l c u l a t e d f o r t h e mixed s t a t e s shown i n 
F i g u r e 7.1 u s i n g e q u a t i o n 7.16. As an example, c o n s i d e r t h e D wave 
SUP) 
M u l t i p l e t Z S t a t e s A S t a t e s 
4 8 5 015(1770) DO5(1830) 
2 1 0 3 Dl 3 (15.80) 
4 8 3 D13U940) D03 (unseen) 
• * 
2 8 3 Dl3(1670) D03(1690) 
2 1 3 D03(1520) 
2 1 0 1 S1K1750) 
9 
4 8 1 S l l ( u n s e e n ) S0K1670) 
2 8 1 S l l ( 1 9 2 5 ) SOI(1810) 
V S0K1402) 
F i q u r e 7.1 : Predominant SU'(6) assignments and p o s s i b l e m i x i n g s 
2 V/ 
* 
( i n d i c a t e d by dashed l i n e s ^ f o r Y members o f t h e 
L_70,l 1 s u p e r m u l t i p l e t . 
SU(3) 
M u l t i p l e t S S t a t e s A S t a t e s 
l O ? F17(2030) 
lO F15C2060) 
8 5 F15(1930) F05(1820) 
10^ P13(unseen) 
8^ P13(unseen P03(1900) 
"10 P1K1673 o r 1870) 
F i g u r e 7.2 : Assignment o f s t a t e s t o t h e s u p e r m u l t i p l e t , 
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p a r t i a l w i d t h s o f t h e A(1690) c o u p l i n g s t o TTZ (1385) : ~ 
G(i = 0) = 
G(£ - 2) = 
/is -2/15 — . M — — M 
9 21 9 22 
~9 ' M 2 2 
SU(3) f a c t o r 
f o r 
8 ->8 a 10 
+2/15 M, 
+ 0 M 23 
9 "22 I + ° M 2 3 'D 
SU(3) f a c t o r 
f o r 
1 -> 8 a 10 
= o 
SU6) f a c t o r SU(6) f a c t o r w w 
4 8 3 +TTZ(1385) 283+ TTZ(1385) (7.26) 
I n t h i s e x p r e s s i o n g and g a r e u n i v e r s a l S and D wave decay 
a m p l i t u d e s f o r t h e f j 7 0 , l J s u p e r m u l t i p l e t and M^, M 2 2 ' M 2 3 a r S t h e 
4 2 2 
a d m i x t u r e s o f A 8^ , A 8^ and A 1 ^ i n t h e A( 1 6 9 0 ) , t h e A(1690) wave f u n c t i o n 
b e i n g : 
A(1690)>= M 2 1 IA 8 3 > + M 2 2 A
2 8 3 > + M 2 3 | A 2 1 3 > 
I f T i s t h e p a r t i a l w i d t h i n t h e e l a s t i c c h a n n e l and P t h e p a r t i a l w i d t h 
e c 
o f a s t a t e i n a n o t h e r p a r t i c u l a r c h a n n e l , b o t h c a l c u l a t e d a c c o r d i n g t o t h e 
p r e s c r i p t i o n above, t h e n i f t h e t o t a l p a r t i a l w i d t h o f t h e s t a t e , V , i s 
known, comparison may be made w i t h d a t a f o r a m p l i t u d e s as resonance i n 
d i f f e r e n t p a r t i a l waves, 
r r 
e c 
The m i x i n g a n g l e s ( w h i c h d e t e r m i n e M e t c . ) and decay a m p l i t u d e s 
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are t r e a t e d as f r e e p a r a m e t e r s i n a f i t t o a l l measured r e s o n a n t a m p l i t u d e s 
f o r N, A, A and Z s t a t e s i n t h e | 70,1 _| . P r e d i c t i o n s t h e r e f o r e e x i s t 
f r o m b o t h FP and HLC models f o r t h e r e s o n a n t a m p l i t u d e s o f n e g a t i v e p a r i t y 
* 
Y s t a t e s t o t h e TT>' (1385) c h a n n e l s . These a m p l i t u d e s are g i v e n i n 
Table 7.1 f o r comparison w i t h t h e v a l u e s f o u n d i n Chapter S i x o f t h i s t h e s i s . 
Hey e t a l p e r f o r m a s i m i l a r f i t t o decay r a t e s f o r [^J>6,2+~] members 
i n terms o f P and F wave a m p l i t u d e s , g and g A l l s t a t e s a re assumed t o 
p f 
be unmixed. R e s u l t s a r e g i v e n i n T a b l e 7.2. 
I n b o t h t h e HLC and FP a n a l y s e s , t h e g r o u n d s t a t e b a r y o n s a r e 
assumed t o be p u r e j 56,0^J members and t h e p s u e d o s c a l a r mesons pura|__35,0 
members. 
7.5 THE ISGUR-KARL MODEL 
M i x i n g a n g l e s and p a r t i a l decay w i d t h s , w h i c h were f i t t e d by t h e 
models d e s c r i b e d i n t h e p r e v i o u s s e c t i o n , can be c a l c u l a t e d t o g e t h e r w i t h t h e 
masses o f s t a t e s i n e x p l i c i t quark models. I s g u r and K a r l (and l a t t e r l y 
K onuik) p r e f e r e n c e s 7.6 and 7.7 ] have c o n s t r u c t e d such a model w h i c h 
embodies many o f t h e ph e n o m e n o l o g i c a l a s p e c t s o f quantum chromodynamics, 
i . e . t h e c u r r e n t l y f a v o u r e d a s y m p t o t i c a l l y f r e e f i e l d t h e o r y o f t h e s t r o n g 
i n t e r a c t i o n . I n t e r q u a r k f o r c e s s h o u l d t h e r e f o r e be two body i n n a t u r e and 
e x h i b i t f e a t u r e s r e m i n i s c e n t o f v e c t o r - g l u o n exchange. A l t h o u g h t h e s t r o n g 
c o u p l i n g c o n s t a n t becomes l a r g e a t t h e d i s t a n c e s c a l e s e n c o u n t e r e d i n ha d r o n 
s p e c t r o s c o p y , g r e a t success has been a c h i e v e d i n p r e d i c t i n g charmonium 
p r o p e r t i e s u s i n g t h e v e c t o r - g l u o n - p h o t o n a n a l o g y . 
The model o f I s g u r and K a r l c o n t a i n s t h e f o l l o w i n g elements : 
( i ) A harmonic o s c i l l a t o r p o t e n t i a l . T h i s p r e d i c t s a b a s i c 
s p e c t r u m o f s t a t e s and r e p r o d u c e s l o n g range c o n f i n i n g e f f e c t s o f t h e i n t e r -
q u a r k p o t e n t i a l . Wave f u n c t i o n s f o r unmixed s t a t e s o f S U ( 6 ) ^ ® 0 ( 3 ) may be 
w r i t t e n i n t h e o r t h o g o n a l eigenmodes o f t h e harmonic o s c i l l a t o r b a s i s . A 
f o r m o f t h i s model has been i n v e s t i g a t e d by Horgan and D a l i t z p r e f e r e n c e 7.8_J 
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( i i ) A h y p e r f i n e i n t e r a c t i o n between q u a r k p a i r s . T h i s s i m u l a t e s 
t h e m a g n e t i c d i p o l e - magnetic d i p o l e i n t e r a c t i o n o f e l e c t r o d y n a m i c s . As 
such, t h i s r e p r e s e n t s t h e chromodynamic e f f e c t s o f v e c t o r - g i u o n exchanges. 
The consequences o f t h i s i n t e r a c t i o n w i l l be b r i e f l y d i s c u s s e d f o r t h e 
s t a t e s o f t h e [_70,1 J [ r e f e r e n c e 7.6 J . 
-V V ->. 
I f r i s t h e r a d i u s v e c t o r between two q u a r k s o f s p i n and S^, 
t h e n t h e h y p e r f i n e i n t e r a c t i o n i s w r i t t e n as :-
H HYP A 
+ 
8TT 
3 
3 S, 
S. ± . 3 (?) 
r - V S 2 ) (7.27) 
Baryons a r e t h o u g h t o f as b e i n g made up o f t h r e e p a i r s o f q u a r k s . One u n i t 
o f o r b i t a l a n g u l a r momentum r e s i d e s i n one p a i r and t h e r e m a i n i n g two p a i r s 
e x i s t i n r e l a t i v e S-waves. T h i s assignment makes c o n s i d e r a t i o n o f t h e q u a r k 
dynamics r e l a t i v e l y s i m p l e . The f i r s t t e r m i n H^yp averages t o z e r o when 
th e r e l a t i v e o r b i t a l a n g u l a r momentum between q u a r k p a i r s i s n o n - z e r o , w h i l s t 
t h e second t e r m v a n i s h e s i f q u a r k s a r e i n a r e l a t i v e S-wave. These a r e 
r e f e r r e d t o as t h e c o n t a c t (H ) and t e n s o r terms (H ) r e s p e c t i v e l y ; 
s c h e m a t i c a l l y :-
HHYP = HC + H T (7.28) 
Hence i n two qu a r k p a i r s o n l y H o p e r a t e s , w h i l s t i n t h e r e m a i n i n g 
p a i r o n l y o p e r a t e s . 
A mass m i x i n g m a t r i x i s c o n s t r u c t e d , w h i c h i s s i m i l a r t o t h a t used 
i n d e r i v i n g t h e Gell-Mann/Okubo mass f o r m u l a . C o n s i d e r t h e J P = 3/2 A 
s e c t o r , t h e elements o f t h i s m a t r i x may be w r i t t e n as 
2 S . + 1 
M. . = < A 1 X-
ID 1 
H A 
2S . + 1 
3 
X 3 > 
(7.29) 
9 8 
where S. and S_. ar e t h e t o t a l q uark s p i n s o f t h e i t h and j t h s t a t e s 
and x i and X- a r e t h e SU(3) r e p r e s e n t a t i o n s t o w h i c h t h e s e s t a t e s b e l o n g . 
4 2 2 The l a b e l s i and j r u n o v e r t h e A 8^ , A 8^ and A 1 s t a t e s . Only when 
4 2 2 t h e t e n s o r t e r m o p e r a t e s does t h e A 8 s t a t e mix w i t h A 8 and A 1 
3 3 3 
s t a t e s . C o n t a c t f o r c e s o n l y o p e r a t e when two s t a t e s have i d e n t i c a l t o t a l 
2 4 2 4 q u a r k s p i n . Hence A 8 - A 8 and A 1 - /I 8 m i x i n g s a r e a measure 
3 3 3 3 
o f t h e i m p o r t a n c e o f t h e t e n s o r t e r m . 
M a t r i x elements are c a l c u l a t e d i n terms o f t h e c o n s t a n t A ( d e t e r m i n e d 
from t h e N( lMo ) - A(1236) mass s p l i t t i n g ) and t h e u, d and s qua r k masses. 
The e i g e n v a l u e s o f t h e mass-mixing m a t r i x a r e t h e p h y s i c a l b a r y o n masses and 
the e i g e n v e c t o r s c o r r e s p o n d t o t h e mixed s t a t e w a v e f u n c t i o n s . 
A l l t h e m i x i n g s i n d i c a t e d i n F i g u r e 7.1 f o r t h e [_70,1^ s u p e r -
m u l t i p l e t may be c a l c u l a t e d i n t h i s way. 
I n t h e p o s i t i v e p a r i t y s e c t o r [ [ r e f e r e n c e 7.7 J , t h e h y p e r f i n e 
i n t e r a c t i o n mixes [_56fO*_\t [70,0 +] , | j 5 6 , 2 + J ' 0 ? o ' 2 + J a n d Q 0' 1"^] 
s u p e r m u l t i p l e t s . M a t r i x elements are c a l c u l a t e d i n a s i m i l a r manner t o t h o s e 
f o r t h e [_70,1 J s u p e r m u l t i p l e t . Q u a l i t a t i v e l y , t h i s approach has s e v e r a l 
* 
r a t h e r a t t r a c t i v e f e a t u r e s f o r t h e p o s i t i v e p a r i t y Y s t a t e s . 
As a consequence o f SU(6) symmetry, t h e decay o f t h e \jO,l Jmember 
a 4 2 A 8 and A 8^ k N ar e f o r b i d d e n i f t h e N s t a t e i s a p u r e 8^  member o f 
th e [56,o"j s u p e r m u l t i p l e t . Hence, t h e D05(1830) s t a t e i s e x p e c t e d t o 
decouple e n t i r e l y f r o m kN f o r m a t i o n e x p e r i m e n t s and have z e r o a m p l i t u d e s 
a t resonance i n a l l two body and q u a s i - t w o body f i n a l s t a t e s . I n t h e 
I s g u r - K a r l model, t h e [ 5 6 , 0 + J ground s t a t e baryons c o n t a i n a s u b s t a n t i a l 
a d m i x t u r e o f [ 7 O f 0 + J t s u p e r m u l t i p l e t s t a t e s p r e f e r e n c e s 7.7 and 7 . 8 J 
C o n s e q u e n t l y , c o u p l i n g s o f t h e D05(1830) t o t h e kN c h a n n e l v i a | j 7 0 , 0 + J 
i m p u r i t i e s i n t h e g r o u n d s t a t e N a r e a l l o w e d . T h i s i s a most a t t r a c t i v e 
r e s u l t s i n c e s u b s t a n t i a l r e s o n a n t a m p l i t u d e s a r e o b s e r v e d f o r t h e A(1830) 
i n a l l two-body and q u a s i two-body f i n a l s t a t e s o f kN i n t e r a c t i o n s [[see 
T a b l e l . l j . 
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A c c o r d i n g t o t h e s p e c i f i c quark model used by I s g u r and K a r l 
p r e f e r e n c e 7.6 , s t a t e s i n w h i c h t h e o r b i t a l a n g u l a r momentum r e s i d e s 
i n t h e n o n - s t r a n g e quark p a i r may n o t decay i n t o a g r o u n d s t a t e b a r y o n p l u s 
s t r a n g e meson. Hence, Y s t a t e s b e l o n g i n g t o t h e |_56,2 + J and [70,2 + 3 
s u p e r m u l t i p l e t s may n o t c o u p l e t o kN, k N o r k A c h a n n e l s . I n a d d i t i o n , 
w i t h i n SU(6) , s t a t e s b e l o n g i n g t o t h e [_20,l + j s u p e r m u l t i p l e t s a r e i n a c c e s s i b l e 
t o f o r m a t i o n e x p e r i m e n t s s i n c e 35 fi 56 0 20. These two r e s u l t s , t o g e t h e r 
w i t h t h e m i x i n g s between s u p e r m u l t i p l e t s , l e a d t o a s i t u a t i o n i n w h i c h l a r g e 
* _ 
numbers o f t h e p o s i t i v e p a r i t y Y s t a t e s are e x p e c t e d t o decouple f r o m k N 
f o r m a t i o n e x p e r i m e n t s . 
I s g u r and Koniuk p r e f e r e n c e 7.9 " ^ j have used t h e m i x i n g p a r a m e t e r s 
f o r p o s i t i v e and n e g a t i v e p a r i t y s t a t e s t o p r e d i c t p a r t i a l w i d t h s f o r decays 
i n t o each p e r m i t t e d c h a n n e l . T h i s approach uses an o p e r a t o r m o t i v a t e d by PCAC 
( P a r t i a l l y Conserved A x i a l C u r r e n t H y p o t h e s i s ) f o r e m i s s i o n o f a psuedo-
s c a l a r meson f r o m an e x c i t e d b a r y o n resonance. Rather c o m p l i c a t e d momentum 
dependent decay a m p l i t u e s are p r e d i c t e d , w h i c h depend on o n l y two i n d e p e n d e n t 
c o u p l i n g c o n s t a n t s f o r a l l s u p e r m u l t i p l e t s s t u d i e d . S i m p l i f i c a t i o n o f t h e 
a n a l y s i s r e s u l t s f r o m f i t t i n g o f two reduced momentum i n d e p e n d e n t a m p l i t u d e s 
* 
t o A, N and Y decay w i d t h data f o r each o f t h e s u p e r m u l t i p l e t s . R e s u l t s are 
g i v e n i n r e f e r e n c e 7.9 and a r e e x p r e s s e d i n terms o f t h e q u a n t i t i e s /f^~ 
and vT,, r e s o n a n t a m p l i t u d e s b e i n g c a l c u l a t e d f r o m t h e r e l a t i o n s h i p 
o / r ./F. v e 4 i 
t = — (7.30) 
where a i s t h e s i g n o f t h e decay a m p l i t u d e t o t h e i t h channel whose p a r t i a l 
w i d t h i s T . U s i n g t h e measured w i d t h s g i v e n i n T a b l e 1.1, t h e r e s o n a n t 
i 
a m p l i t u d e s o f s t a t e s have been c a l c u l a t e d f r o m t h e r e s u l t s o f t h i s a n a l y s i s 
and a r e g i v e n i n T a b l e s 7.1 and 7.2. 
lOO 
7.6 DISCUSSION OF RESULTS 
Tabl e s 7.1 and 7.2 g i v e t h e r e s o n a n t a m p l i t u d e s o f t h e s t a t e s , 
o b s e r v e d i n t h e a n a l y s e s p e r f o r m e d i n Chapter S i x o f t h i s t h e s i s , t o each 
p e r m i t t e d p a r t i a l wave. For comparison t h e p r e d i c t i o n s are g i v e n o f t h e 
Hey e t a l , I s g u r - K o n i u k and Faiman-Plane decay a n a l y s e s . I n t h i s s e c t i o n 
th e s i g n i f i c a n c e o f t h e s e r e s u l t s w i l l be d i s c u s s e d . 
I n Chapter F i v e , t h e c e n t r e o f mass p r o d u c t i o n angles were measured 
between i n c o m i n g and o u t g o i n g meson systems. Hence, t h e r e s o n a n t a m p l i -
t u d e s g i v e n i n T a b l e s 7.1 and 7.2 a r e e x p r e s s e d i n a meson f i r s t c o n v e n t i o n . 
R e s u l t s o f t h e HLC a n a l y s i s a r e i n a b a r y o n f i r s t c o n v e n t i o n and t h e s i g n s 
o f a m p l i t u d e s g i v e n i n r e f e r e n c e 7.4 must be r e v e r s e d f o r comparison w i t h 
t h o s e found i n Chapter S i x . I s g u r / K o n i u k and FP b o t h use t h e same meson 
f i r s t c o n v e n t i o n . 
7.6.a The N e g a t i v e P a r i t y S t a t e s Usee Table 7.1 . 
S i n c e b o t h HLC and FP assume t h e ground s t a t e N s t a t e s t o be 
p u r e ( j > 6 , 0 + J supermul t i p l e t members, z e r o T T Z(138 5) r e s o n a n t a m p l i t u d e s 
a r e p r e d i c t e d . I s g u r and Koniuk c o r r e c t l y p r e d i c t t h e s i g n and magnitude 
o f the DD05 a m p l i t u d e by a l l o w i n g [_70,0^] i m p u r i t i e s i n t h e g r o u n d s t a t e . 
For b o t h t h e D15(1775) and D05(1830) s t a t e s , no G wave f i n a l s t a t e p a r t i a l 
wave a m p l i t u d e can be accommodated w i t h i n t h e |_70,1~[] supermul t i p l e t . 
I n b o t h F I T A and F I T B (see T a b l e 7 . 1 ) , G-wave a m p l i t u d e s c o n s i s t e n t w i t h 
z e r o were f o u n d . A l l t h r e e t h e o r e t i c a l a n a l y s e s a r e i n accordance w i t h t h e 
r e s o n a n t a m p l i t u d e s f o r t h e D15(1775) i n t h e DD15 p a r t i a l wave fou n d i n 
Chapter S i x . 
S i g n s a r e c o r r e c t l y p r e d i c t e d f o r t h e D03(1690) a m p l i t u d e s , however 
t h e magnitudes seem t o be i n d i s a g r e e m e n t . T h i s s t a t e w i l l be g i v e n s p e c i a l 
c o n s i d e r a t i o n i n a L a t e r s e c t i o n . A l l t h r e e a n a l y s e s agree as t o t h e 
p o s i t i v e s i g n s o f t h e DS13 and DD13 a m p l i t u d e s o f t h e A ( 1 6 7 0 ) . However, 
the DDI3 wave i s f o u n d t o be r a t h e r u n s t a b l e i n p a r t i a l wave f i t t i n g (see 
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C h a p t e r S i x ) . U n c e r t a i n t i e s i n b o t h D03(1670)and D03(1020)amplitudes a r e a n t i c i p a t e d 
t o be r a t h e r l a r g e . I n t h e decay a n a l y s e s , t h e D13 resonances a r e formed 
4 2 2 by t h r e e way m i x i n g between ^ 8 y £ 8^ and £ 10^ s t a t e s . The t h i r d 
p h y s i c a l s t a t e i s t h e D13(1580), w h i c h i s r a t h e r p o o r l y e s t a b l i s h e d , o n l y 
t h e TTA a m p l i t u d e b e i n g d e t e r m i n e d by f o r m a t i o n e x p e r i m e n t s . I s g u r and 
Konuik p r e d i c t t h e T T I{1385) a m p l i t u d e s o f t h e Dl3(1670) t o be s m a l l , 
t h e Dl3(1920) b e i n g t h e dominant f e a t u r e o f t h e DD13 p a r t i a l wave, w i t h 
a l a r g e a m p l i t u d e ( = - 0 . 2 2 ) . However, t h e a m p l i t u d e s f o u n d i n t h i s e x p e r i -
ment (see T a b l e 7.1) a r e r o u g h l y comparable. S i n c e few r e l i a b l e two body 
a m p l i t u d e s have been d e t e r m i n e d f o r e i t h e r t h e Dl3(1580) o r t h e Dl3(1920) 
by o t h e r a n a l y s e s (see T a b l e 1.1) t h e three-way m i x i n g a n g l e s a r e s t r o n g l y 
c o n s t r a i n e d by t h e more r e l i a b l e d a t e f o r t h e D13(1670). 
S i m i l a r u n c e r t a i n t i e s i n a v a i l a b l e d a t a e x i s t f o r t h e SOI s t a t e s . 
The resonance n a t u r e o f t h e SOI(1405) i s s u b j e c t t o some d o u b t , s i n c e i t 
has a l s o been c o n s i d e r e d as a s u b - t h r e s h o l d v i r t u a l bound s t a t e o f t h e kN 
system, b u t n o n e t h e l e s s i s used i n a l l t h r e e decay a n a l y s e s . S u b s t a n t i a l 
a m p l i t u d e s have been o b s e r v e d f o r t h e SOl(167o) i n a l l two-body c h a n n e l s . 
However, t h e t h i r d member, wh i c h i s t h e p o o r l y e s t a b l i s h e d A(181o) s t a t e , 
has n o t been w e l l o b s e r v e d and was n o t i n c l u d e d by t h e HLC and FP a n a l y s e s . 
S t r o n g k N a m p l i t u d e s o b s e r v e d by t h e RL/IC group ( p r e f e r e n c e 7.1o]^| have 
s u b s e q u e n t l y i m p r o v e d t h e s t a t u s o f t h i s resonance. A l l t h r e e a n a l y s e s a r e 
i n good agreement w i t h t h e v a l u e f o u n d i n t h i s t h e s i s f o r t h e SOI(1670) 
a m p l i t u d e and a r e a l s o i n accordance c o n c e r n i n g t h e s i g n s o f t h e S 0 l ( 1 8 l 0 ) 
a m p l i t u d e i n t h e TTZ(1385) c h a n n e l , (see T a b l e 7 . 1 ) . 
Most p o o r l y d e t e r m i n e d o f a l l i n t h e m i x i n g - s e c t o r s s t u d i e d i s 
t h a t f o r t h e S l l s t a t e s . T h i s c o n t a i n s no w e l l e s t a b l i s h e d resonance 
s t r u c t u r e . As s t a t e d i n Chapter S i x , t h e r a t h e r wide S l l ( 1 7 5 0 ) and S l l ( 1 9 2 5 ) 
s t a t e s can b o t h be r e p l a c e d by a s i n g l e n o n - r e s o n a n t background a m p l i t u d e 
i n t h e p a r t i a l wave a n a l y s i s . A l t h o u g h v a s t r e l i a n c e c a n n o t be p l a c e d on t h e 
s i g n s o f t h 
C T 1 9 8 / ; 
T ' O N JJ 
rary 
p a r a m e t e r s d e t e r m i n e d f o r t h i s s e c t o r by t h e HLC a n a l y s i s , 
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71E (1385) amplitudes p r e d i c t e d by Isgur/Koniuk and HLCf are i n agreement 
w i t h those found i n Chapter S ix o f t h i s t h e s i s . 
7.6.b The D03(1690) Amplitudes 
The resonant amplitudes o f the D03(1690) are an i n t e r e s t i n g 
i n d i c a t o r o f a l l three models. Three-way mixing between t he .',(1690), 
A(1520) and a h i t h e r t o unobserved s t a t e i s expected. I s g u r and K a r l 
p r e d i c t the mass o f t h i s missing s t a t e t o be 1880 MeV. However, such a 
s t a t e was inc l u d e d i n the development o f F I T B i n Chapter S i x , but was 
not r e q u i r e d by the data. For these s t a t e s the mixing m a t r i x may be 
w r i t t e n :-
A(1520: 
A(1690) 
A(1880) , 
M12 M13 
\ M 31 
A 8 
A 8 ( 7 . 3 1 ) 
/ 
Values o f the NL ^  are given i n Table 7.3, f o r each o f the three decay 
models and are determined i n terms o f three independent Euler angles. 
Using equation 7.16, together w i t h the ap p r o p r i a t e SU(6) Clebsch-Gordan 
4 2 
c o e f f i c i e n t s , a measure o f the A 8^ - A 8^ mixing i s given by the 
r a t i o t / t f o r the A(1690) 
Do UU 
5 & 2/IS M + 9 21 9 M 22 
DS 
DD 4/6 M 2/15 21 M 22 
0 
( 7 . 3 2 ) 
I n t h i s r a t i o , g and g^ are the reduced S and D wave amplitudes f o r t h e 
s D 
s u p e r m u l t i p l e t ; SU(3) i s o s c a l a r f a c t o r s common t o both p a r t i a l 
waves have been d.i vidod out. Given a d e t e r m i n a t i o n o f the r a t i o g /g , i t 
s d 
( i ) D03(1520) 
Hey e t a l I s g u r - K a r l Faiman and Plane 
S o l . l S o l . 2 
M n 
M 1 2 
M 1 3 
-O.04 
0 .39 
0 . 9 2 
- 0 . 0 1 
0.40 
0.91 
-0.021 
0.430 
0.900 
-0.015 
0.438 
0.899 
( i i ) D03(1690) 
i 
Hey e t a l I s g u r - K a r l 
Faiman and Plane 
S o l . l S o l . 2 
M 
21 
M 
M 
OoO 
0 . 9 2 
- 0 . 3 9 
-Ool2 
0 . 9 1 
-0.40 
-0.437 
+O.805 
-0.401 
i 
- 0.436 
+ 0 . 8 0 6 
- 0 . 4 0 0 
( i i i ) D03(unseen) 
i 
Hey e t a l I s g u r - K a r l 
Faiman and Plane 
S o l . l S o l . 2 
M 3 1 
M 3 2 
M 3 3 
1.0 
0 . 0 1 
-0.04 
0 . 99 
0 . 1 1 
-0.04 
0.899 
0.402 
-0.173 
i 
0.900 
0.398 
-0.178 
TABLE 7 . 3 : Mixing parameters i n the 3 = 3/2 A se c t o r o f t h e |70,1 | 
s u p e r m u l t i p l e t 
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4 i s p o s s i b l e t o c a l c u l a t e a = ^21^22' w h i c h i s a m e a s u r e o f A 8^ 
admixture i n the A ( 1 6 9 0 ) . 
HLC f i n d q./q = - 0 , 2 1 and FP f i n d gs/gd = - 0 , 3 1 . I s g u r and S t> 
Koniuk adopt a more complicated approach. Each p a r t i a l wave amplitude 
contains a momentum dependent form f a c t o r exp I - — — — [ and an 
angular momentum b a r r i e r f a c t o r [k/3] • A d d i t i o n a l momentum depend-
ence of the amplitudes i s p r e d i c t e d by t h e i r PCAC based psuedoscalar 
meson emission operator ; this,however, i s suppressed and e f f e c t i v e 
u n i v e r s a l p a r t i a l wave amplitudes are employed 
exp i ^ ( 7 . 3 3 ) 
where g^ i s a reduced, momentum independent, amplitude found by 
f i t t i n g decay r a t e s . Hence, since k i s j u s t the angular momentum b a r r i e r 
appearing i n equation 7.16, gs/gd i s momentum independent and :-
as. = h . 3 2 (7.34) 
g o g 
Using the values g = - 7 , g = + 6 and 3 = 0 . 4 1 GeV quoted by I s g u r and 
s u 
Koniuk [ r e f e r e n c e 7 . 9 " ] ,the value g^ / g r j = - 0 . 2 0 i s found. 
The HLC and Isgur/Koniuk values o f gs/gd are i n good agreement 
Only FP quote e r r o r s on the values o f gs and gd, g i v i n g g $ / g ^ - 0 . 3 1 + 0 . 0 4 , 
which i s not c o n s i s t e n t w i t h the o t h e r two values. However, since the 
data a v a i l a b l e to HLC and Isgur/Koniuk represents a g r e a t improvement on 
t h a t used by FP, a v,.lue g & / g a = 0 . 2 w i l l be assumed. 
4 
HLC conclude t h a t there i s no A 8^ admixture i n the A ( 1 6 9 0 ), which 
i m p l i e s 
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This r e s u l t i s c e r t a i n l y not i n agreement w i t h the value i m p l i e d by t h e 
amplitudes found i n Chapter Six o f t h i s t h e s i s :-
'DS 
t = 0.5 FIT A DD 
t DS 
"DD 
= 0.3 F I T B 
( 7 . 3 6 ) 
( 7 . 3 7 ) 
I n f a c t , t h a t t > t r e q u i r e s a value a £ -0.36, which i s c l e a r l y n ot 
DD DS 2 
s a t i s f i e d by the Is g u r and K a r l mixing parameters, which give a = .013, 
but which i s i n accordance w i t h the value a = -5.4 found by FP, who 
p r e d i c t t / t = 0.4 3. Resonant amplitudes found i n t h i s experiment lead F DS DD * * 
to a value i n the range -0.70 £ a <: -0.53. 
C l e a r l y , i f one accepts t h a t the u n i v e r s a l S and D-wave amplitudes 
are w e l l determined f o r the 70,1 s u p e r m u l t i p l e t , the r a t i o t / t 
L -J * v i DS DD 
4 
found i n t h i s t h e s i s i n d i c a t e s a s u b s t a n t i a l A 8^ admixture i n the 
A(1690). What has been attempted here i s by no means r i g o r o u s , b ut goes 
2 2 
to r e s t o r e credence i n the SU(3) p r e d i c t i o n . I t i s on l y A 8^ - A 1^ 
mixing which i s determined by the Gell-Mann/Okubo r e l a t i o n s h i p , w h i l e t h e 
2 2 
t o t a l A 8 and A 8„ content o f the A(1690) and A (1520) resonances i s 
3 3 
measured by the r a t i o T (1690)/ T (1520). 
DS Do 
7.6.c P o s i t i v e P a r i t y States HSee Table 7.2 J 
I n the a n a l y s i s performed by HLC f o r the[_56,2^ J s u p e r m u l t i p l e t , 
a l l s t a t e s are unmixed. Ratios o f P and F p a r t i a l wave amplitudes f o r Y 
s t a t e s c o u p l i n g t o the tt£(1385) channel may t h e r e f o r e given an i n d i c a t i o n 
2 4 2 4 as t o the importance o f I 10 / E 8 and I 10 / I 8 mixings i n t h e 
[56,2*] s u p e r m u l t i p l e t and the mixings between d i f f e r e n t p o s i t i v e p a r i t y 
s u p e r m u l t i p l e t s r e q u i r e d by I s g u r and K a r l . 
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HLC f i n d t h a t g /g = + 0.24 ,• using t he values g = 11 and g = 6 , 
P F P F 
Isgur and Koniuk p r e f e r e n c e 7.9 j j give a value : 
. k" - o.31 (7 . 3 8 ) 
Although somewhat d i f f e r e n t i n s t r u c t u r e , the two analyses g i v e values 
which are i n approximate agreement. 
W i t h i n SU(6) the f o l l o w i n g r a t i o s o f P and F wave amplitudes 
w 
are p r e d i c t e d f o r unmixed s t a t e s o f the s u p e r m u l t i p l e t :-
i ) For F05 and F15 8^ st a t e s 
'FP 
FF 
30 
45 
2/5 k 8 
(7 . 3 9 ) 
i i ) For F15 10^ s t a t e s 
"FP 
'FF 
42 
45 
1 6 / T 
315 
k 2 ' g F 10 
(7.40) 
( i i i ) For P03 8 3 s t a t e s 
'PP 
"PF 
45 
/r 
15 
(7.41) 
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The SU(6) Clebsch-Gordan c o e f f i c i e n t s have been taken from w 
Table IV o f reference 7.9. Table 7.4 gives the value o f k, r , r and r 
o J-O 
fo r the P03(1900), F05(1823), F05(2115) and Fl5(1930) s t a t e s t o g e t h e r w i t h 
the r a t i o o f P and F p a r t i a l wave amplitudes c a l c u l a t e d f o r FIT A and FIT B. 
C l e a r l y , the r e l a t i v e s i g n o f P and F wave amplitudes i s a good 
i n d i c a t o r o f the success o f the SU(6) model and the degree o f mixing present. 
w 
However, t o have any confidence i n statement based o f the P and F wave 
amplitudes found i n Chapter Six o f t h i s t h e s i s (see Table 7.2), i t must be 
c l e a r t h a t the p a r t i a l wave parameters are s t a b l e i n the f i t t i n g process. 
I t i s the case f o r F05(2115) and Fl5(1930) s t a t e s t h a t one outgoing p a r t i a l 
wave i s l a r g e and s t a b l e , w h i l s t the o t h e r i s small and f l u c t u a t e s i n s i g n 
and magnitude depending on the p a r a m a t r i z a t i o n s used f o r the amplitude. 
The r a t e s t / t found f o r the F05(1823) are c o n s i s t e n t w i t h i t being a pure P F 
J^56,2+^J s u p e r m u l t i p l e t member. I f the r e l a t i v e signs o f their£(1385) 
amplitudes f o r t h e Fl5(1930) were known, t h i s s t a t e could c l e a r l y be assigned t o 
4 2 
e i t h e r the 10 r or the 8 r r e p r e s e n t a t i o n . Although the FF15 amplitude i s 
found t o be s t a b l e and negative, no s i g n i s favoured f o r the FP15 amplitude , 
which i s found t o be c o n s i s t e n t w i t h zero i n Table 7.2. R e l a t i v e signs f o r 
the P03(1900) and F05(2115) amplitudes are both i n disagreement w i t h SU(6)^ 
|~~see Table 7.4 j | . Stable p o s i t i v e amplitudes are found f o r the P03(1900) 
i n both PP03 and PF03 p a r t i a l waves. 
D e t a i l e d comparison o f the amplitudes found f o r the p o s i t i v e p a r i t y 
s t r u c t u r e s observed i n t h i s t h e s i s w i t h those p r e d i c t e d by Isgur and Konuik 
i s d i f f i c u l t . Because o f the p l e t h o r a o f s t a t e s r e q u i r e d i n the extens i v e 
s u p e r m u l t i p l e t mixing scheme, i t i s impossible t o assign unambiguously t h e 
mass o f s t a t e s w i t h those p r e d i c t e d i n I s g u r - K a r l a n a l y s i s f o r t h e p o s i t i v e 
* 
p a r i t y s e c t o r . However, many o f the Y s t a t e s p r e d i c t e d are h i g h l y i n e l a s t i c 
and decouple from kN f o r m a t i o n experiments, others c l u s t e r c l o s e l y t o g e t h e r 
i n mass. Hence amplitudes have been roughly averaged f o r s t a t e s c l o s e t o 
o 
CO 
O 
M > 
0) 
O 
-P 
o 
+ 
o 
ro 
LD 
IT) 
O 
ro CO 
CO 
ro • O 
m 
O 
ro O 
0* 
ro 
CM 
CO 
in O 
m 
r—1 
rH 
CN 
m O 
0) 
c 
•H S 
H 0> 
•U «U 
C D 
t3 0) 
c ro H r- O s • • • O r—j CnJ at 
<U + 1 + C D 
_ 
ro 
m O in 
rH 
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O 
o 
ro 
m 
rH En 
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the observed s t r u c t u r e s i n Table 7.2. 
Five F15 s t a t e s are p r e d i c t e d , one corresponds i n mass t o the 
Fl5(1 9 3 0 ) , t h e r e s t c l u s t e r around 2100 MeV,and one may be associated w i t h t h e 
Fl5(2060). Of the f i v e F05 s t a t e s , one i s p r e d i c t e d t o l a y d i s c r e t e l y i n 
the F05(1830) r e g i o n w h i l e the remaining s t a t e s are between 2000 and 2160 MeV 
and are i d e n t i f i e d w i t h the F05(2l00) s t r u c t u r e . The P03 s e c t o r i s a 
success, seven s t a t e s are p r e d i c t e d and a l l b u t the P03(1900) decouple from 
the kN channel. U n f o r t u n a t e l y , only f o u r o f the seven P13 s t a t e s decouple 
from kN; no s t r u c t u r e ,except t h e P13(1385) ^ e x i s t s t o be associated w i t h t h e 
remaining s t a t e s . I n both the POl and P l l s e c t o r s a l l b u t two s t a t e s 
decouple from the kN c r i t i c a l s t a t e , these are i d e n t i f i e d w i t h the s t r u c t u r e s 
given i n Table 7.2 
Comparing amplitudes w i t h those found i n Chapter S i x o f t h i s t h e s i s 
(see Table 7.2), agreement f o r the F05(1820) i s goodj however,the p r e d i c t i o n s 
f o r t h e remaining s t a t e s are poor, e s p e c i a l l y i n the = l / 2 + s e c t o r . Even 
w i t h the a d d i t i o n o f e x t r a p o s i t i v e p a r i t y m u l t i p l e t the signs o f the P03(1900) 
amplitudes are not c o r r e c t l y p r e d i c t e d . I f one in s p e c t s the decay amplitudes 
given i n Table IV o f reference 7.9, the r a t i o o f P and F wave p a r t i a l wave 
'3 
4 I +1 amplitudes f o r the A 8 member o f the |_70 ,2_|is :-
t 
P 
/lQ5~ 
9Q 
4/70~* 
315 
A ! p 
2 ' ^F 
i . e . t and t are o f the same s i g n , since g and g„ determined by Is g u r p F p F 
and Koniuk are both p o s i t i v e . Hence, depending on t h e o v e r a l l s i g n o f t and 
P 
t , the problem concerning t h e r e l a t i v e signs o f the P03(1900) can be overcome F 
i t i s assigned to t h e j ^ 7 0 , 2 + J s u p e r m u l t i p l e t . 
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7.7 CONCLUSIONS 
I f SU(3) c o n f i g u r a t i o n mixing between o c t e t and s i n g l e t i s o s c a l a r 
o 
s t a t e s i s invoked, a mixing angle o f 20 may be deduced f o r the A(1520)-
A(1690) using the Gell-Mann-Okubo mass formula. This angle i s i n c o n f l i c t 
w i t h the angle o f 70° deduced from the p a r t i a l widths f o r A(1690) and 
A(1520) decays t o uE(1385) f i n a l s t a t e s , assuming SU(3) as a v e r t e x symmetry 
f o r these decays. Consideration o f the DS03 and DD03 p a r t i a l wave amplitudes 
4 2 
f o r the A(1690) i n d i c a t e t h a t a s u b s t a n t i a l A 8^ - A 8^ o c t e t mixing occurs, 
which i s p e r m i t t e d i n the hi g h e r SU(6)^ 8 0(3) v e r t e x symmetry. 
A d d i t i o n a l l y , p r e d i c t i o n s concerning the resonant amplitudes o f 
s t a t e s determined i n Chapter S ix are considered. Three such analyses e x i s t . 
Agreement i s good f o r the negative p a r i t y s t a t e s b u t i s poor f o r the p o s i t i v e 
p a r i t y s t a t e s . Consideration o f the r e l a t i v e signs o f the P03(1900) s t a t e 
P and F wave amplitudes i n d i c a t e s t h a t t h e values.found i n t h i s t h e s i s are 
f +1 
i n c o m p a t i b l e w i t h t h i s s t a t e being a L56,2J s u p e r m u l t i p l e t member, b u t can be 
be accommodated i f i t belongs t o the |70,2*] s u p e r m u l t i p l e t . 
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CHAPTER 8 
8.1 GENERAL CONCLUSIONS 
Using the c o r r e c t e d data sample described i n Chapter Two of t h i s 
t h e s i s , channel c r o s s - s e c t i o n s f o r t h e r e a c t i o n k p T T + T T A over t h e 
0.650 to 0 . 8 6 0 GeV/c i n c i d e n t momentum i n t e r v a l have been determined,. The 
values found are i n good agreement w i t h those obtained by 2 previous s t u d i e s 
o f the same channel [see f i g u r e 2.10 J . The main f e a t u r e observed i n t h i s 
data i s an abrupt shoulder between 0 . 6 5 0 and 0«750 GeV/c which corresponds to 
the r e g i o n o f D 0 3 ( 1 6 9 0 ) , D13(1670) and SOl(1670) resonance f o r m a t i o n . However, 
due t o the widths o f these s t a t e s , the e f f e c t s o f d i f f e r e n t resonance are 
not e v i d e n t i n the c r o s s - s e c t i o n data alone. 
Using t h e same c o r r e c t e d data sample, t h e D a l i t z p l o t f o r t h e 
T T + T T A f i n a l s t a t e has been examined. Strong E +(1385) and Z (1385) p r o d u c t i o n 
i s apparent i n the A T T + and A T T effective-mass combinations a t a l l energies 
s t u d i e d | see f i g u r e 4.1 J . I n a d d i t i o n , an enhancement i n d e n s i t y at 
the higher accessible T T + TT effective-masses i s observed [[.see f i g u r e 4 „2^ . 
This e f f e c t p e r s i s t s a t a l l i n c i d e n t momenta i n the 0.500 t o 0.860 GeV/c 
i n t e r v a l , unormalized data i n the lower i n c i d e n t momentum range comes from t h e 
T.SoT. experiment [see f i g u r e s 4.3 and 4.4^0 
I n the i n c i d e n t momentum range s t u d i e d i n the Survey-81 experiment, 
the k i n e matic cross-over between Z (1385) and E (1385)bands moves across 
the p h y s i c a l region o f the D a l i t z p l o t . Any i n t e r f e r e n c e e f f e c t between 
E +(1385) and E (1385) bands should be represented by an enhancement at d i p i o n 
masses corresponding t o the £(1385) o v e r l a p , which moves from t h e lower l i m i t 
of a v a i l a b l e T T + T T ~ phase space a t 0 . 5 0 0 GeV/c t o the upper l i m i t a t 0.860 GeV/c. 
The observed enhancement i s t h e r e f o r e i n c o n s i s t e n t w i t h being t h e r e s u l t of 
an i n t e r f e r e n c e e f f e c t . 
An a l t e r n a t i v e d e s c r i p t i o n o f t h i s e f f e c t as a f i n a l s t a t e IT TT 
i n t e r a c t i o n has been attempted. I n order t o assign quantum numbers t o t h e TT TT 
I l l 
dynamics present, the pure 1 = 1 reaction k° p •+ TT T T ° A has been examined. 
Any f i n a l state TT TT i n t e r a c t i o n present i n t h i s process must therefore be 
pure isovector i n o r i g i n . A s a t i s f a c t o r y description of the quasi-two body 
variables of the T T + T T ° A f i n a l state i s given by pure incoherent formation of 
T T + L ° (1385) and 7T°S+channels« I t i s concluded therefore, that the f i n a l 
state IT TT i n t e r a c t i o n i s pure i s o s c a l a r i n nature. Using the Watson form for 
the f i n a l state i n t e r a c t i o n , the I = J = 0 TTTT dynamics has been paramaterized 
in terms of the corresponding set of phase s h i f t s . Energy dependence of the 
2 
phase s h i f t s i s given by the e f f e c t i v e range approximation. In a x f i t to 
the w+7T e f f e c t i v e mass d i s t r i b u t i o n , allowing both I (1385) and £ + (1385) 
production, the I = J = 0 sca t t e r i n g length (a° ) has been found to be con-
o 
s i s t e n t with zero. This r e s u l t i s at odds with the value of a° found from 
o 
e 
analyses of experiments and TT TT scattering deduced from processes i n which 
one pion exchange i s dominant. However, the description of f i n a l state TT TT 
interactions i s i n accordance with that for a s i m i l a r e f f e c t seen i n isobar 
analyses of the reaction T T N TT TT N . This i s not surprising, since unlike 
v i r t u a l TTTT s c a t t e r i n g processes j. C K e T T T T s ^ j s ^ v w s o b s e r v e * * 
Including the paramatrization of the I = J = O TT TT dynamics ('e' ) 
contributions to the T T + T T A f i n a l state from incoherent addition of T T + £ (1385) , 
T T ~ I + (1385) and'e' A channels have been extracted. A v a s t l y improved 
description of quasi-two body varia b l e s r e s u l t s from the addition of the 
1 e ' A channel. In addition, a good account of the T T + T T e f f e c t i v e mass 
d i s t r i b u t i o n for T . S . T . data in the 0.500 to 0.580 GeV/c i n t e r v a l , which was 
not used to determine the ' e' parameters. 
+ — — + 
Quasi-two-body descriptions of the TT I (1385) and IT Z (1385) channels 
have been extracted and used i n an energy dependent p a r t i a l wave a n a l y s i s . 
Q u a l i t a t i v e consideration of t h i s data indicates that strong interference 
between = 3/2 + and J P = 3/2 p a r t i a l wave amplitudes, i n the region of 
the D03(1690) resonance,produces marked structure i n the A^B^A^, B^, and 
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c o e f f i c i e n t s f o r the TT I (1385) channel Qsee f i g u r e 6.1 J . I n f a c t , 
when combined w i t h p r e v i o u s l y published data, t h i s new data contains t h e most 
prominant f e a t u r e f o r the r e a c t i o n k p "** TT 1(1385). F u l l energy dependent 
p a r t i a l wave a n a l y s i s , reveals s u b s t a n t i a l resonant amplitudes o f SOI(1670) 
and D13(1670) s t a t e s i n the p e r m i t t e d p a r t i a l waves. However, the l a r g e s t 
resonant amplitudes are found f o r the D03(1690) i n DS03 and DD03 p a r t i a l waves. 
2 
S t r u c t u r e s found by a previous a n a l y s i s o f data above 1.740 GeV/c centre o f 
mass energy are not a f f e c t e d by the a d d i t i o n o f the new Survey-81 data i n 
the A(1690) r e g i o n Q s e e Table 6.2 J . The r o l e o f some r a t h e r p o o r l y 
e s t a b l i s h e d s t a t e s has also been considered. However, the s t a b i l i t y of the 
corresponding p a r t i a l wave amplitudes i n the *rr£(1385) channels does not add 
c o n c l u s i v e l y t o the understanding o f these resonances. 
W i t h i n SU(6) a 0(3) symmetry schemes, the A(1690),A (1520) and a w 
h i t h e r t o unobserved J P = 3/2 A s t a t e are formed by 3-way mixing between 
2 4 2 C~ - ~ i A 8^ , A 8^ and A 1^ s t a t e s i n the |_70,1 J s u p e r m u l t i p l e t . F i t t i n g of 
decay r a t e s by Hey e t a l [ r e f e r e n c e 7. J leads t o p h y s i c a l s t a t e s i n 
2 2 
which the A(1690) and A(1520) r e s u l t almost e n t i r e l y from A 8^ - A 1^ m i x i n g , 
4 
w h i l e the unseen member i s an almost pure A 8^ s t a t e . S i m i l a r conclusions 
are reached by the Q.C.D. motivated quark model o f I§gur and K a r l . Since t h e 
4 _ 
decay A 8^ -> kN i s f o r b i d d e n i n SU{6)^, the unseen s t a t e i s t h e r e f o r e p r e -
d i c t e d t o be h i g h l y i n e l a s t i c and i s not expected t o b e seen i n kN f o r m a t i o n 
experiments. The consequence o f t h i s mixing scheme f o r the A(1690) i s t h a t 
a l a r g e DS03 T T Z (1385) amplitude i s p r e d i c t e d t o g e t h e r w i t h a somewhat smaller 
DD03 amplitude. This i s i n d i r e c t c o n f l i c t w i t h t he r e l a t i v e magnitudes of 
these amplitudes found i n Chapter Six o f t h i s t h e s i s . That the DD03 
4 
amplitude be dominant, r e q u i r e s a s u b s t a n t i a l A 8^ admixture i n the A(1690) 
2 
and consequently a higher admixture o f A 8 i n t h e unseen s t a t e . However, t h i s 
has the u n d e s i r a b l e e f f e c t o f making the unseen s t a t e more e l a s t i c . Faiman 
and Plane [ r e f e r e n c e 7. 5 "J i n t h e i r decay r a t e a n a l y s i s f i n d s u b s t a n t i a l 
A ^8 - A^8 mixing and p r e d i c t A(1690) resonant amplitudes which agree 
3 3 
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well with those found i n t h i s t h e s i s , without predicting unacceptably large 
amplitudes for the missing s t a t e . Using the measured r a t i o of DS03 and 
4 2 
DD03 amplitudes found i n t h i s t h e s i s , the proportion of A 8- and A 8- i n the 
(1690) have been found to be i n the approximate r a t i o 1 : 2 . 
Using the measured t o t a l widths of states given i n Table 1.1, the 
amplitudes at resonance for states observed i n the p a r t i a l wave a n a l y s i s , 
given i n Chapter Six,have been compared with the predictions of Hey e t a l , 
Faiman/Plane and Isgur/Koniuk. The agreement i s good for the [70,1 | 
supermultiplet but poor for the [.56,2+^] supermultiplet. I n p a r t i c u l a r , 
the mixing of positive p a r i t y supermultiplets i n the Isgur-Karl model, allows 
non- [^6,0^] impurities i n the ground sta t e and permits the SU(6) v i o l a t i n g 
process DOS(1820) -+ kN, and allows observation of t h i s s t a t e i n kN formation 
experiments. The predictions for the TTT(1385) amplitudes are i n good agree-
ment with those found i n t h i s t h e s i s . 
8.2 OUTLOOK FOR FUTURE WORK 
The T.S.T. experiment mentioned i n Chapter Two of t h i s t h e s i s 
explores the 0.800 to 0.600 GeV/c incident momentum range of k p i n t e r a c t i o n s . 
Although devoid of well-confirmed resonance structure, t h i s region may 
contain the narrow D13(1580) s t a t e . 
L i t c h f i e l d , i n a re- a n a l y s i s of the C.H.S. preference 8.1^] pure 
pure 1 = 1 T T ° A f i n a l s t a t e data, has found a / = 3/2 stat e with mass 
1582 Mev and width 11 MeV [preference 8.2 J . C a r r o l l [^reference 8.3*3 , 
has performed an isospin separation for t o t a l k p and k d cross-sections 
between 0.410 and 1.070 GeV/c. Evidence i s seen for a pure 1 = 1 s t a t e a t 
2 2 1.583 GeV/c with width 15 MeV/c and a rather small e l a s t i c i t y of 0.06. 
A study of the A T T + T T " system produced i n pp c o l l i s i o n s a t the CERN I n t e r -
2 
secting Storage Rings has revealed a state with a mass of 1572 MeV/c and a 
2 1 - -1 f> width of 15 MeV/c ]_reference 8.4 | . Non-confirmation of t h i s s t a t e comes <pA** 
several pure 1 = 1 k°p experiments. 
Li 
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I f such a state e x i s t s , what would be the consequences for symmetry 
schemes? Hey et a l have included the Dl3(1580) i n t h e i r a n a l y s i s of decay 
r a t e s . Within the |_?O fl ~j three way mixing may occur with the D13(1670) and 
D13(1920) s t a t e s . The l a r g e s t of a l l resonant amplitudes for the D13(1580) 
i s predicted i n the TTE(1385) f i n a l state S-wave ( t . _ = 0.1). This i s 
U b -1- -J 
c e r t a i n l y a s u b s t a n t i a l coupling and such a st a t e should be evident i n 
c o e f f i c i e n t data over the 0.500 to 0.600 GeV/c i n t e r v a l from strong = 3/2 
and J = 3/2 amplitude interference e f f e c t s ( c . f . the A(1690)J„ 
Although measurements and data processing for the T.S.T. experiment 
are s t i l l underway, study of the A T T IT f i n a l s t a t e w i l l help to refute or 
confirm the existence of the £(1580), 
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Parameters f o r Y s t a t e s . 
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± + -
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a f u n c t i o n o f i n c i d e n t momentum. 
Masses and widths o f £+(1385) and £~(1385). 
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i n c l u s i o n o f the 1 e ' A e f f e c t . 
E f f e c t on c o e f f i c i e n t s o f ' e ' A c o n t r i b u t i o n . 
C o e f f i c i e n t data f o r quasi-two-body k p •+ TT 2(1385) 
processes. 
Channel f r a c t i o n s f o r t he r e a c t i o n k p •+ A T T + T T 
as a f u n c t i o n o f i n c i d e n t momentum. 
B l a t t and Wieskopf b a r r i e r f a c t o r s . 
Amplitudes a t resonance. 
Amplitudes a t resonance f o r the [ 7 0 , 1 J s t a t e s . 
Amplitudes a t resonance f o r the [_56,2 J s t a t e s . 
Mixing parameters f o r the D03(1690). 
Ratios o f p and W were amplitudes f o r the p o s i t i v e 
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